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for  Scientists  and  Engineers 


Executive  Summary 


The  Defense  Department  has  a  critical  need  for  quality  scientist  and 
engineer  personnel.  Within  the  Department  there  is  some  concern  that  it  may  be 
more  difficult  in  the  future  to  attract  and  retain  the  quality  and  numbers  needed. 
This  study  examines  the  fimdamental  issues  related  to  imderstanding  how  best 
to  deal  with  these  challenges. 

The  Military  Services  and  the  Defense  Agencies  conduct  or  sponsor  a  rich 
profusion  of  programs  that,  taken  together,  act  to  improve  the  quantity  and 
quality  of  professional  scientists  and  engineers  in  the  United  States.  The 
programs,  over  130  in  number,  are  t5^ically  aimed  at  one  of  several  stages  along 
the  educational  path:  precollege,  undergraduate,  graduate,  or  postdoctoral/ 
faculty.  These  educational  programs  have  developed  and  multiplied  over  some 
five  decades,  and  they  have  evolved  with  varying  degrees  of  independence. 
Some  of  the  programs  are  highly  productive  and  should  be  expanded  or  copied. 
Others  merit  consolidation  with  similar,  ongoing  programs. 

Based  on  our  survey  and  analysis  of  these  programs,  we  believe  that  these 
programs  and  activities  should  operate  xmder  the  oversight  of  a  central  authority 
that  provides  constructive,  sensitive  guidance  to  this  large  group  of  programs. 
Specifically,  we  recommend  five  complementary  actions: 

♦  The  Office  of  the  Secretary  of  Defense  (OSD)  should  develop  a  broad, 
DoD-wide  set  of  goals  and  objectives  for  programs  and  activities  of  this 
kind.  These  goals  and  objectives  will  become  the  basis  for  guidance 
published  by  OSD  for  the  Military  Services  and  Defense  Agencies.  The 
guidance  should  help  form  individual  program  objectives,  program 
emphases,  and  program  boundaries. 

This  important  management  step  should  be  taken  in  the  interest  of  efficiency 
and  accountability.  Only  in  this  way  can  the  efforts  of  DoD  as  a  Federal  depart¬ 
ment  be  orchestrated  properly  with  complementary  enterprises  conducted  else¬ 
where  in  Government  or  in  the  private  sector. 

♦  The  intervention  programs  of  DoD  should,  where  feasible,  develop  the 
characteristics  prominent  in  the  most  successful  of  the  present  programs. 

►  Precollege  programs  work  best  when  they  combine  real  work  and 
challenging  study.  Examples  are  apprenticeships  or  similar  efforts  that 
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are  complete  with  year-round  mentors.  Mentors  may  be  employees  of 
DoD  or  teachers  from  the  participants'  schools.  Successful  precollege 
programs  avoid  remedial  academic  work,  overly  restrictive 
participation  rules,  and  simple  "exposure"  to  S&E  work  like  tours  and 
visits. 

►  Undergraduate  programs  produce  the  best  results  when  they  are 
related  directly  to  the  world  of  S&E  employment  in  DoD.  Examples  are 
the  cooperative  education  arrangements  with  their  work-study  cycles; 
vacation-employment-with-promise-of-future-career-offer;  and  DoD 
employee  programs  that  support  periodic  returns  to  the  university  for 
further  study. 

►  The  best  graduate  programs  resemble  good  undergraduate  programs  in 
their  direct  relationship  to  current  and  future  employment  with  DoD, 
but  many  good  graduate  programs  also  spawn  research  relationships 
and  research  products  of  interest  to  the  sponsoring  organization. 

►  Postdoctoral  and  faculty  programs  of  high  quality  deliver  research 
products  attractive  to  DoD,  but  these  programs  are  also  oriented  often 
toward  DoD  staff  recruiting.  The  recruiting  effort  may  be  directed 
toward  the  support  recipient,  or  it  may  be  directed  toward  graduate 
students  accompanying  the  researcher.  Participation  by  promising 
graduate  students  along  with  postdoctoral  or  faculty  researchers  is 
another  mark  of  program  excellence. 

♦  OSD  should  cause  program  managers  to  review  and  recast  objectives  of  all 
programs.  Attainment  of  the  objectives  should  be  measurable  against 
reasonable  standards  applied  by  outside  reviewers. 

The  effectiveness  of  even  the  best  of  the  present  programs  cannot  be  measured 
with  confidence  because  program  objectives  lack  concreteness  and  specificity. 

♦  The  Director  of  Defense  Research  and  Engineering  should  explore  ways  to 
establish  DoD  intervention  programs  aimed  at  the  gaps  and  other  transition 
points^  along  the  S&E  educational  pipeline.  When  appropriate  ways  are 
foimd,  OSD  should  provide  resources  to  support  new  or  altered  programs 
aimed  at  these  new  targets. 

Attrition  of  able  students  from  the  group  of  potential  scientists  and  engineers  is 
quite  high  at  these  gaps  and  other  transition  points  in  the  educational  process. 
No  DoD  programs  now  address  this  problem  specifically.  We  believe  the  return, 
in  increased  numbers  of  students  pursuing  S&E  curricula,  could  be  quite  high 
for  such  an  investment. 


'  Gaps  and  other  transition  points  are  generally  the  times  between  consecutive  phases 
in  the  educational  process.  They  are  usually  accompanied  by  student  vacations  and 
movement  from  one  type  of  school  to  another. 
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♦  The  Defense  Science  Board  and  other  organizations  in  which  DoD  officials 
and  university  or  educational  association  leaders  participate  together 
should  be  asked  to  examine  and  to  probe  the  high  attrition  of  college  fresh¬ 
men  and  sophomores  as  a  result  of  preparatory  or  screening  courses  for  the 
sciences,  mathematics,  or  engineering.  This  examination  should  be  con¬ 
ducted  with  the  objective  of  ultimately  salvaging  a  measurable  number  of 
students  of  merit  now  being  screened  out. 

While  the  lower  division  undergraduate  years  are  neither  a  "gap"  nor  a 
"transition  point"  in  the  education  process,  this  important  period  in  students' 
lives  witnesses  the  loss  of  many  able  students  who  have  already  declared  their 
intention  to  embark  on  S&E  academic  majors.  We  lose  more  than  we  should. 
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These  recommendations,  if  followed,  will  lead  to  increased  integration 
among  and  accountability  within  these  intervention  efforts,  which  even  now 
affect  the  lives  of  many  young  people  in  important  ways. 
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Chapter  1 


Introduction 


Background 

Throughout  the  United  States  today  there  is  widespread  concern  over  the 
supply  of  scientists  and  engineers  to  meet  the  nation's  future  needs.  This 
concern  may  be  expressed  in  three  general  areas:  (1)  overall  U.S.  technological 
superiority,  (2)  national  defense  needs,  and  (3)  replacement  of  senior  scientists 
and  engineers  as  those  educated  after  World  War  II  begin  to  retire. 

The  United  States  has  long  based  part  of  its  national  defense  strategy  on  an 
abtmdant  supply  of  superior  technology.  A  skilled  and  technologically 
sophisticated  work  force  is  required  to  develop,  maintain,  and  utilize  such 
advanced  technology.  Today,  however,  there  are  concerns  about  the  current 
state  of  scientific  and  technical  education  and  about  demographic  changes  in  the 
work  force  that  may  restrict  the  nation's  ability  to  accomplish  tiiese  objectives  in 
future  years: 

♦  The  United  States  is  steadily  losing  much  of  its  competitive  technological 
advantage  to  other  nations  as  they  assume  increasing  economic  importance 
based  on  well-educated  and  less  expensive  work  forces. 

♦  The  U.S.  population  continues  to  age,  with  accompanying  retirements 
among  DoD  scientists  and  engineers.  College  and  university  faculty 
attrition  causes  special  concern.  The  National  Science  Foundation  has 
projected  a  national  shortage  of  over  500,000  scientists  and  engineers  by  the 
year  2010. 

♦  In  the  dwindling  pool  of  competent  young  students  and  workers,  there  are 
growing  proportions  of  women  and  members  of  imderrepresented 
minorities  groups  which  traditionally  have  produced  few  scientists  and 
engineers. 

♦  Educational  programs  that  produce  scientists  and  engineers  are  graduating 
increasing  numbers  of  international  students  who,  should  they  elect  to 
apply  for  DoD  employment,  frequently  have  some  difficulty  meeting 
national  security  clearance  standards. 

♦  The  nation's  families  and  schools  are  producing  youths  who  are  not 
competing  as  successfully  as  in  the  past  with  peers  from  other  countries,  as 
measured  by  standardized  tests. 
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United  States  technological  superiority  is  believed  by  some  to  depend  on 
continued  production  of  world-class  scientists  and  engineers  working  at  the 
cutting  edge  of  technology.  In  the  past,  this  condition  has  been  measured  in  part 
by  our  numbers  of  Nobel  laureates,  patent  awards,  and  by  general 
understandings  of  our  international  strengths  in  space,  chemicals,  computer 
science,  physics,  astronomy,  health  care,  and  in  several  other  fields.  Some 
observers  believe  we  cannot  maintain  these  competitive  positions  in  the  face  of 
the  factors  cited  above.  One  penalty,  of  course,  is  the  projected  erosion  of  our 
economy  and  the  nation's  standard  of  living. 

In  the  National  Defense  arena,  we  have  consistently  tried  to  develop  and 
deploy  superior,  high-technology  weapon  systems  that  allow  us  to  defend  the 
United  States  with  smaller  armed  forces  than  those  possessed  by  our  potential 
adversaries.  With  our  value  for  human  life,  "high  tech"  weapons  allow  us  to 
project  an  imposing,  potent  military  force  without  exposing  large  numbers  of 
U.S.  military  personnel  to  high  risk.  If  the  overall  national  ability  to  remain  at 
the  forefront  of  technology  is  impaired,  we  will  not  be  able  to  maintain  this 
technological  edge  with  our  weapons  systems.  The  result  will  be  life  in  a  more 
dangerous  world  and  the  possible  exposure  of  the  United  States  to  increased 
terrorism,  localized  conflicts,  and  miscalculations  by  adversaries  resulting  in 
high-damage  wars. 

Our  colleges  and  universities  have  produced  a  steady  stream  of  highly 
qualified  scientists  and  engineers,  especially  since  World  War  11.  This  has  been 
made  possible  by  a  national,  world-class  faculty.  Within  the  next  10  years,  large 
numbers  of  these  faculty  members  will  approach  the  end  of  their  productive 
careers.  Many  will  retire.  Those  men  and  women  will  require  replacement. 


The  Study  of  DoD  Scientists  and  Engineers 

Two  DoD  offices  requested  that  the  Logistics  Management  Institute  (LMI) 
examine  the  national  supply  and  the  DoD  demand  for  scientists  and  engineers 
over  the  next  20  years.^  These  sponsors  are  the  Office  of  the  Assistant  Secretary 
of  Defense  for  Force  Management  and  Personnel  [OSD(FM&P)]  and  the  Office  of 
the  Director  of  Defense  Research  and  Engineering  (ODDR&E).^  The  first  of  these 
offices  is  responsible  for  establishing  policies  that  recruit,  train,  retain,  and 
separate  the  civilian  and  military  personnel  employed  by  the  DoD.  The  second 

'Not  everyone  agrees  on  just  who  comprises  the  nation's  population  of  scientists  and 
engineers.  For  this  task,  the  OSD  sponsors  supplied  a  list  of  some  100  job  titles  in  the 
form  of  Office  of  Personnel  Management  (OPM)  job  codes.  That  list  was  changed 
somewhat  as  this  present  work  developed.  In  the  course  of  the  study,  we  noted  that 
OPM  and  the  National  Science  Foundation  routinely  use  different  job  taxonomies  to 
define  their  own  "scientists  and  engineers"  groups.  A  comparative  listing  of  these  sev¬ 
eral  taxonomies  is  included  in  Annex  E-3  to  Appendix  E. 

^The  Office  of  the  Director  of  Defense  Research  and  Engineering  (ODDR&E)  is  a 
separate  staff  office  in  the  Office  of  the  Secretary  of  Defense.  It  is  responsible  for  policy 
related  to  all  DoD  research  and  development  activities  and  also  for  file  management  of 
S&E  educational  programs  and  activities. 
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office  is  responsible  for  developing  new  technologies  and  the  resulting  weapon 
systems  used  by  our  armed  forces.  Both  have  a  vital  interest  in  the  ability  of 
DoD  to  attract  and  retain  adequate  numbers  of  qualified  scientists  and  engineers. 

To  further  the  Department's  ability  to  attract  and  retain  the  best  scientists 
and  engineers,  two  fundamental  issues  needed  to  be  examined.  Therefore,  this 
study  was  designed  to  address  two  objectives: 

♦  To  evaluate  DoD's  science  and  engineering  intervention  programs  and 

♦  To  assess  the  national  supply  projections  of  scientists  and  engineers  and  the 
DoD  demand  for  scientists  and  engineers  to  the  year  2010. 

The  adequacy  of  the  national  supply  of  scientists  and  engineers  depends 
partly,  of  course,  on  DoD's  future  requirements  for  scientific  and  engineering 
skills.  Success  in  DoD's  intervention  programs  means  an  increase  in  the  national 
supply  of  scientists  and  engineers  and  encouragement  of  growing  numbers  of 
high-quality  scientists  and  engineers  to  pursue  their  careers  within  DoD. 


DoD  Scientist  and  Engineering  Intervention 
Programs 


The  Military  Services  and  Defense  Agencies  have  developed  a  range  of 
programs  that  focus  on  increasing  the  numbers  or  quality  of  scientists  or 
engineers  within  the  United  States,  and  more  especially  within  the  DoD  work 
force.  These  programs  use  a  variety  of  techniques  for  motivating  or  educating 
prospective  personnel.  These  techniques  include:  increasing  students' 

imderstanding  and  interest  in  careers  in  science  and  engineering;  identifying 
professional  or  teaching  mentors  to  work  with  and  relate  to;  providing  work 
experiences  that  relate  to  science  and  engineering  tasks;  providing  income  to 
assist  students  to  remain  in  or  to  enroll  in  schools,  colleges,  or  universities  so 
that  they  may  pursue  science  and  engineering  curricula;  awarding  scholarships, 
assistantships,  or  fellowships  to  encourage  continued  study  in  science  and 
engineering  fields;  and  providing  research  opportunities  for  science  and 
engineering  professionals  to  enhance  their  experience  and  provide  increased 
knowledge  to  pass  on  to  other  students. 

Some  of  these  programs  also  have  secondary  purposes:  stimulating  interest 
in  science  and  engineering;  increasing  employment  of  scientists  and  engineers 
within  DoD;  career  development  of  current  employees;  encouraging  or 
supporting  research  in  areas  of  DoD  interest;  recruiting  scientist  and  engineering 
personnel  into  sponsoring  agencies  and  organizations;  and  targeting  certain 
subpopulations  such  as  members  of  underrepresented  minorities,  women, 
handicapped  people,  and  junior  faculty  members  for  special  encouragement  and 
support. 
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DoD  Scientist  and  Engineer  Supply  and  Demand 


This  part  of  the  study  was  intended  to  provide  DoD  with  a  model  to  express 
the  supply  of  scientist  and  engineering  personnel  that  would  be  available  to 
meet  DoD  scientist  and  engineering  needs  while  also  representing  DoD  demand 
for  scientist  and  engineering  persormel  through  the  year  2010.  Early  on  in  the 
study  design,  it  was  determined  by  the  sponsors  that  the  second  objective  should 
focus  on  an  examination  of  the  supply  of  scientists  and  engineers.  Work  on  the 
demand  for  scientist  and  engineer  personnel  through  the  year  2010  was  deferred 
for  a  later  project. 


The  Report 

This  report  focuses  on  the  first  objective  of  the  study,  an  evaluation  of  DoD 
science  and  engineering  intervention  programs.  In  addition,  some  portion  of  the 
scientist  and  engineer  supply  and  demand  problem  is  examined  as  a  baseline  for 
work  intended  as  part  of  the  second  phase  of  the  study.  It  has  been  useful  to 
make  preliminary  analyses  of  the  supply  and  demand  problem  to  imderstand 
the  utility  and  application  of  the  intervention  programs  with  greater  clarity. 

In  Chapter  2,  we  provide  a  summary  of  major  trends  that  effect  the  future 
supply  of  scientists  and  engineers  in  the  United  States.  Since  all  of  the  people 
who  will  serve  as  scientists  or  engineers  in  the  year  2010  have  already  been  born, 
examination  of  the  characteristics  and  trends  in  the  current  population  will 
provide  some  insight  into  the  size  and  scope  of  the  supply  "problem." 

Chapter  3  describes  the  science  and  engineering  pipeline,  from  preschool 
student  interest  through  postdoctoral  research,  and  Chapter  4  provides  a 
comprehensive  description  of  the  intervention  programs  identified  thus  far  in 
DoD. 

In  Chapter  5,  we  present  the  results  of  our  review,  identifying  the  most 
important  of  many  program  characteristics.  We  include  both  positive  traits  that 
characterize  programs  that  work  and  questionable  traits  that  mark  programs  that 
could  be  improved  or  restructured.  The  end  of  the  chapter  provides  a  brief 
summary  of  the  best  programs  of  the  sample  chosen. 

Chapter  6  contains  conclusions  and  recommendations  to  this  study. 

A  number  of  important  appendices  accompany  this  report.  They  contain 
information  that  augments  and  supports  the  information  presented  in  the  main 
body  of  the  report.  Appendix  A  contains  a  master  list  of  the  136  educational 
intervention  programs  identified  by  DoD  in  1990  in  response  to  Congressional 
inquiry.  Appendix  B  includes  complete  descriptions  of  the  32  intervention 
programs  we  selected  for  detailed  evaluation.  Appendix  C  contains  tables 
supporting  many  data  and  figures  foimd  in  the  text.  Appendix  D  includes 
citations  and  brief  descriptions  of  all  statutory  or  legal  authorities  under  which 
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scientific  and  engineering  employees  civilian  and  military  employed  by  DoD 
since  1980,  by  general  field  of  expertise  (the  1990  data  have  a  more  detailed 
format).  Appendix  F  displays  comparative  data  on  the  longevity  of  newly  hired 
scientists  and  engineers  at  one  of  the  installations  visited.  Appendix  G  contains 
the  March  1990  report  on  education  activities  submitted  by  DoD  to  Congress. 
Finally,  Appendix  FI  describes  the  objectives  for  the  intervention  programs. 
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Chapter  2 


Trends  Affecting  the  National  Supply 
of  Scientists  and  Engineers 

Introduction 

The  supply  of  scientists  and  engineers  important  to  the  defense  of  the 
United  States  is  part  of  a  complex  process.  In  this  chapter,  we  approach  a  review 
of  that  process  by  first  citing  the  concerns  now  being  expressed  within  the 
Department  of  Defense  and  then  by  providing  an  overview  of  the  overall 
population  trends,  identified  by  racial  and  ethnic  subgroup.  A  special  look  at 
the  demographics  of  America's  youth  follows. 

Because  scientists  and  engineers  are  produced  by  the  colleges  and 
universities  of  the  United  States,  we  then  review  in  detail  the  nation's  college 
enrollments  followed  by  an  even  closer  examination  of  our  universities'  degree 
production  in  S&E  disciplines,  at  both  the  baccalaureate  and  doctorate  levels. 
This  college  and  xiniversity  section  makes  up  more  than  half  the  entire  chapter. 

We  then  move  to  a  more  youthful  population,  America's  high  school 
students,  because  it  is  they  who  become  the  college  enrollees  we  have  reviewed 
in  such  detail.  The  final  section  of  this  part  of  the  chapter  reviews  historical 
trends  in  career  preferences  of  those  who  have  just  graduated  from  the  nation's 
high  schools. 

The  chapter  closes  with  a  brief  discussion  of  just  what  bearing  all  these 
trends  might  have  on  the  future  supply  of  our  population  of  S&E  professionals. 


DoD  Concerns 

An  important  factor  in  the  national  defense  strategy  of  the  United  States 
throughout  much  of  its  recent  history  is  an  abundant  supply  of  superior 
technology  helping  to  offset  potential  adversaries'  numerical  advantages.  A 
skilled  and  technologically  sophisticated  work  force  is  required  to  develop, 
maintain,  and  utilize  that  superior  technology  fully.  Unfortunately,  a  number  of 
concerns  about  the  current  state  of  scientific  and  technical  education  and  about 
impending  demographic  changes  in  this  important  work  force  have  brought  into 
question  the  ability  of  the  Department  of  Defense  (DoD)  to  carry  out  its  mission 
completely  and  responsively  in  future  years. 
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According  to  the  latest  available  National  Science  Foundation  (NSF) 
estimate/  there  were  5,474,600  scientists  and  engineers  in  the  U.S.  work  force  in 
1988.  Approximately  137,000  civilian  employees  and  62,000  military  members  in 
DoD  are  scientists  and  engineers,^  or  about  3.6  percent  of  the  nation's  total  pool. 
It  is  estimated  that  DoD  also  does  business  with  another  600,000  (or  11  percent) 
of  the  nation's  scientists  and  engineers,  most  of  whom  are  employed  in 
defense-related  industries.  While  not  overpowering,  then,  the  DoD  share 
(600,000  +  199,000  =  799,000  or  14.6  percent  of  the  national  pool)  of  U.S.  scientists 
and  engineers  is  not  a  trivial  one.^  It  is  likely,  of  course,  that  the  size  of  this 
defense-related  S&E  work  force  will  be  reduced  somewhat  over  the  next  decade 
or  so  due  to  reduced  international  tensions  and  the  resulting  shrinkage  of  our 
defense  forces  and  activities. 

One  senior  DoD  official  has  recently  identified  several  issues  with 
potentially  serious  implications  for  the  nation's  future  defense  posture: 

♦  A  projected  shortfall  of  over  500,000  scientists  and  engineers  by  the 
year  2010 

♦  A  projected  shift  in  demographics  away  from  the  groups  which  have 
provided  the  largest  numbers  of  scientists  and  engineers  in  the  past 

♦  Unfavorable  performance  by  U.S.  high  school  students  in  science  and  math 
tests  relative  to  other  industrialized  nations 

♦  A  decline  in  the  numbers  of  U.S.  students  pursuing  S&E  careers 

♦  Continued  deterioration  of  pay  and  benefits  of  federal  scientists  and 
engineers  relative  to  private  industry  and  academia.^ 

This  is  not  an  isolated  concern.  DoD  needs  to  know  whether  the  future 
production  of  scientists  and  engineers  will  decrease  significantly.  If  so,  will  the 
decrease  be  great  enough  to  affect  national  security?  This  chapter  describes 
present  trends  that  will  affect  the  supply  of  scientists  and  engineers  for  the  next 
20  years.  The  data  presented  below  address  many  of  the  above  concerns  and 
provide  a  baseline  of  scientist  and  engineer  supply  data  used  throughout  the 
remainder  of  this  report. 


’National  Science  Foundation.  U.S.  Scientists  and  Engineers:  1988  —  Detailed 
Statistical  Tables.  Washington,  D.C.:  Surveys  of  Science  Resources  Series  (NSF88-322), 
undated,  p.  6. 

^Defense  Manpower  Data  Center.  October  1990.  See  Appendix  E. 

®  There  are  about  100  separate  job  titles  in  DoD's  scientific  and  engineering  work 
force.  For  the  specialists  educated  in  several  of  the  more  arcane  fields,  DoD-related 
employment  may  weU  represent  the  preponderance  of  professional  opportunities 
an3nvhere.  Appendix  E  contains  a  list  of  aU  Department  of  Defense  jobs  classified  as 
scientific  and  engineering  (S&E). 

^Testimony  of  Dr.  Ted  Berlincourt,  Director,  Research  and  Laboratory  Management, 
DoD,  to  the  Subcommittee  on  Defense  Industry  and  Technology  of  the  Committee  on 
Armed  Services,  U.S.  Senate,  May  7, 1990. 
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Demographic  Trends 


The  population  of  the  U.S.  is  expected  to  reach  300.4  million  by  the 
year  2010,  as  estimated  by  the  Bureau  of  the  Census.  This  projection  and 
selected  subsets  of  the  national  population  are  reflected  in  Figure  2-1  for  the 
years  1970  through  2010.  See  Table  C-1,  Appendix  C  for  supporting  data.® 


Population  in  millions 


Source:  Historic  (1970-  1985):  Miller,  Louisa  and  Jennifer  Marks.  Preliminary  Estimates  of  the  Population 
of  the  United  States,  by  Age, Sex,  and  Race:  1970  to  1981.  Washington,  D.C.:  U.S.  Bureau  of  the  Census, 
Current  Population  Reports,  Population  Estimates  and  Projections  (Series  P-25,  No.  917),  July  1982,  pp.  9, 
10,  17,  18,  24,  and  25;  Hollmann,  Frederick  W.  United  States  Population  Estimates,  by  Age,  Sex,  Race,  and 
Hispanic  Origin:  1980  to  1988.  Washington,  D.C.:  U.S.  Bureau  of  the  Census,  Current  Population  Reports, 
Population  Estimates  and  Projections  (Series  P-25,  No.  1045),  January  1990,  pp.  7  and  11,  and;  Hollmann, 
Frederick  W.  United  States  Population  Estimates,  by  Age,  Sex,  Race,  and  Hispanic  Origin:  1989. 
Washington,  D.C.:  U.S.  Bureau  of  the  Census,  Current  Population  Reports,  Population  Estimates  and 
Projections  (Series  P-25,  No.  1057),  March  1990,  pp.  3  and  7. 

Estimated  and  Projected  (1990-2010):  Day,  Jennifer  Cheesemen.  Population  Projections  of  the  United,  by 
Age,  Sex,  Race,  and  Hispanic  Origin:  7993  to  2050,  Washington,  D.C.:  U.S.  Bureau  of  the  Census.  Current 
Population  Reports  (Series  P-25,  No.  1104),  November  1993,  pp.  xvi,  xxii.. 

Note:  Persons  of  Hispanic  origin  may  be  of  any  race.  See  Table  C-1 .  Appendix  C,  for  supporting  data. 

®  Middle  Series  projections. 

Figure  2-1. 

United  States  Demographics  (by  race  and  ethnic  group) 


There  are  striking  contrasts  among  the  racial  and  ethnic  groups.  While  the 
total  population  is  increasing  (from  1990  to  2010)  by  over  20  percent  (or 
51  million  people),  the  black  subpopulation  is  growing  at  more  than  one  and  a 
half  times  that  rate  (31.4  percent).  The  Hispanic  subpopulation,  meanwhile,  is 
increasing  nearly  four  times  as  fast  (79.2  percent),  and  now  constitutes  the 
fastest-growing  subset  of  the  U.S.  population,  proportionately. 

What  about  the  youth  of  the  nation?  Figure  2-2  displays  the  growth 
occurring  among  the  white,  black  and  Fiispanic  subpopulations  of  young  people 
of  ages  18  to  24.  The  black  population  of  youth  shows  a  modest  dip  in  the  1990s, 

®  Appendix  C  contains  tabular  data  supporting  all  figures  in  this  chapter. 
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followed  by  increased  growth.  Hispanics  experience  no  such  dip  in  population; 
they  maintain  continued  and  significant  growth  throughout  the  period.  The 
white  youth  subpopulation,  however,  reflects  a  significant  dip  in  numbers  in  the 
1990s;  they  recover  only  a  portion  of  that  loss  in  later  years. 


Population  in  millions 


Source:  Historic  (1 970  1 985):  Miller  (Series  P-25,  No.  917),  pp.  9,  10,  17,  18,  24,  and  25;  Hollmann 

(Series  P-25,  No.  1045),  pp.  7  and  1 1 ;  and  Hollmann  (Series  P-25,  No.  1057),  pp.  3  and  7. 

Estimated  and  Projected  (1990  -  2010):  Day,  Jennifer  Cheesemen.  Population  Projections  of  the  United,  by 
Age,  Sex,  Race,  and  Hispanic  Origin:  1993  to  2050,  Washington,  D.C.:  U.S.  Bureau  of  the  Census.  Current 
Population  Reports  (Series  P-25,  No.  1104),  November  1 993,  pp.  xxv  xxvi. 

Note:  Persons  of  Hispanic  origin  may  be  of  any  race.  See  Table  C-1 ,  Appendix  C,  for  supporting  data. 

®  Middle  Series  projections. 

Figure  2-2. 

United  States  Youth  Demographics  (ages  18  to  24) 


College  Enrollments 

Enrollments  in  institutions  of  higher  education  have  continued  to  rise  since 
1970.  Between  1970  and  1980,  the  growth  of  enrollments  (all  ages)  was 
significant,  amounting  to  3.5  million  persons  or  nearly  41  percent  of  total 
enrollments  at  the  of  the  period.  From  1980  to  1990  the  growth  is  smaller 
(1.7  million  or  14.1  percent).  During  the  decade  1990  to  2000,  total  enrollments 
are  projected  to  increase  by  1.7  million  students  (12.3  percent  of  the  1990 
enrollment  population)  to  a  total  of  15.5  million  people.  These  enrollments  are 
shown  in  Figure  2-3. 
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Enrollments  in  millions 


Prqected  (1990  2004):  Gerald,  Debra  E.,  et  al.  Projections  of  Education  Statistics  to  2004.  Washington 
September  Education,  National  Center  for  Education  Statistics  (NCES  93-256)i 

Note:  See  Table  C-2,  Appendix  C,  for  supporting  data. 

®  Middle  alternative  projections. 


Figure  2-3. 

Enrollments  in  US.  Institutions  of  Higher  Education  (by  type  of  school) 


All  groups  within  the  college-enrolled  population  are  increasing  in  size, 
although  at  different  rates.  Male  enrollments  will  continue  a  slow  increase" 
while  the  enrollment  of  females  have  been  and  will  continue  to  be  up 
significantly.  By  1980,  female  enrollment  at  colleges  and  universities  in  the 
United  States  had  begun  to  exceed  male  enrollments;  female  enrollment  is 
projected  to  remain  larger  than  that  of  males  through  the  year  2004.  These  data 
are  shown  in  Figure  2-4. 

Enrollments  in  millions 


(NCEslia^^seJTae  93-292),  p.  174.  Projected  (1990-2004):  Gerald, 

Note:  See  Table  C-2,  Appendix  C,  for  supporting  data. 

®  Middle  alternative  projections. 

Figure  2-4. 

Enrollments  in  US.  Institutions  of  Higher  Education  (by  gender) 
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Although  the  total  18-  to  24-year-old  population  in  the  year  2000  will  be 
1,000,000  smaller  than  it  was  in  1990  (Figure  2-2),  the  projected  total  college 
enrollment  of  18-  to  24-year-old  students  should  continue  to  rise  by  300,000  or  by 
3.9  percent  during  the  same  decade.  This  means,  of  course,  that  a  larger 
portion  of  the  18-  to  24-year-old  age  pool  will  be  entering  college  than  in  the 
past.  Earlier  dramatic  enrollment  increases  among  older  college  students,  aged 
25  through  34,  had  ended  by  1990.  Enrollments  of  this  group  have  declined 
slightly,  while  those  of  the  35-and-over  age  group  continue  to  increase  through 
the  year  2000.  Figure  2-5  displays  this  information. 


Enrollments  in  millions 


Source:  Historic  (1970-  1990):  Snyder  (NCES  93-292),  p.  176. 

Projected  (1990  —  2004):  Gerald  (NCES  93-256),  pp.  26,  29. 

Note:  See  Table  C-2,  Appendix  C,  for  supporting  data. 

Middle  alternative  projections. 

Figure  2-5. 

Enrollments  in  U.S.  Institutions  of  Higher  Education  (by  age) 


Table  2-1  shows  that  all  racial  and  ethnic  groups  continue  to  reflect  level  or 
increased  enrollments.  The  same  observation  holds  for  enrollments  by  academic 
level  (see  Figure  2-6).  The  continuing  upward  trend  in  overall  enrollments  is  due 
principally  to  the  continuing  growth  in  female  enrollments. 
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Table  2-1. 

Total  Enrollments  in  U.S.  Institutions  of  Higher  Education  (by  race  and 
ethnic  group) 

(millions) 


Race/ethnic  group 

1976" 

1980 

1985 

1990 

1991^' 

White,  non-Hispanic 

9.1 

9.8 

9.9 

11.0 

Black,  non-Hispanic 

1.0 

1.1 

1.1 

mm 

1.3 

Hispanic 

0.4 

0.5 

0.6 

0.8 

0.9 

Asian/Pacific  Islander 

0.2 

0.3 

0.4 

0.6 

0.6 

American  Indian/Alaskan  Native 

0.1 

0.1 

0.1 

0.1 

0.1 

Nonresident  aliens 

0.2 

0.3 

0.3 

0.4 

0.4 

Total 

11.0 

12.1 

12.5  ^ 

13.8 

Source:  Snyder  (NCES  89-643),  p.  193. 

Note;  See  Table  C-2.  Appendix  C,  for  supporting  data. 
°  First  year  data  available. 

’’  Preliminary  data. 


Enrollments  in  millions 


Source:  Historic  (1970-1990):  Snyder  (NCES  93-292),  pp.  187  and  188.  Projected  (1990-2004): 
Gerald  (NCES  93-256),  pp.  37  -  39. 

Note:  See  Table  C-2,  Appendix  C,  for  supporting  data. 

Middle  alternative  projections. 

Figure  2-6. 

Enrollments  in  U.S.  Institutions  of  Higher  Education  (by  academic  level) 

College  Degrees  Conferred 

According  to  projections  published  by  the  National  Center  for  Educational 
Statistics,  the  total  number  of  degrees  conferred  annually  by  U.S.  colleges  and 
universities  will  continue  to  increase  after  1990  (see  Figure  2-7).  These 
projections  are  generally  consistent  with  the  rising  college  enrollment 
populations  just  discussed. 
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Degrees  conferred  in  thousands 


Source:  Historic  (1970-  1990):  Snyder  (NCES  93-292),  p.  243.  Projected  (1995  -  2004):  Gerald  (NCES 
93-256),  p.  60-64. 

Note:  See  Table  C-3,  Appendix  C,  for  supporting  data. 

®  Middle  alternative  projections. 

Figure  2-7. 

Total  U.S.  College  Degrees  Conferred  Annually  (by  level) 


Figure  2-8  shows  the  annual  award  of  baccalaureate  degrees  by  selected 
groups  of  degree  fields.  By  1985,  degrees  in  life  sciences  had  fallen  off,  while 
those  in  the  physical  sciences,  computer  science,  and  engineering  were  up 
(engineering  and  computer  science  were  up  significantly).  Mathematics  was 
down  but  may  be  rebounding.  After  1985,  total  degrees  conferred  are  generally 
down. 


Degrees  conferred  in  thousands 


Source:  Snyder  (NCES  93-292),  p.  256  -  263. 

Note:  See  Table  C-4,  Appendix  C,  for  supporting  data. 

®  Preliminary  data. 

Figure  2-8. 

Total  U.S.  College  Degrees  Conferred  Annually  (by  broad,  selected 
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More  and  more  members  of  major  ethnic  and  racial  groups  are  receiving 
baccalaureate  degrees  in  mathematics,  computer  science  and  engineering. 
Bachelor's  degrees  conferred  annually  in  each  broad  scientific  and  engineering 
field  by  major  ethnic  and  racial  group  are  reflected  in  Figures  2-9  through  2-13. 
Although  the  numbers  are  small,  the  percentage  increases  in  some  minority 
groups  are  notable  (see  also  Table  C-5  in  Appendix  C). 

In  addition,  some  gains  are  being  made  by  minority  groups  in  the  number 
of  bachelors'  degrees  received  if  all  scientific  and  engineering  fields  are 
considered  together.  As  Figure  2-14  shows,  there  were  2,500  Hispanic  recipients 
of  S&E  baccalaureates  in  1977.  By  1990,  the  number  had  increased  to  5,600 
(a  growth  of  124  percent  over  the  13  years  considered).  Similarly,  the  number  of 
blacks  receiving  S&E  baccalaureates  was  up  by  3,400  or  61  percent  for  the  same 
period,  even  when  limited  decreases  in  the  life  sciences  are  considered  (see  also 
Table  C-5,  Appendix  C). 


Degrees  conferred  in  thousands 


Source:  (1977-1985):  Baker,  Curtis  O.,  ed.  Education  Indicators:  1989.  Washington,  D.C.:  U.S. 
Department  of  Education,  National  Center  for  Education  Statistics  (NCES  89-653),  pp.  241-243;  (1990  and 
1991):  Snyder  (NCES  93-292),  pp.  276  and  277. 

Note:  See  Table  C-5  for  supporting  data. 

®  Persons  of  Hispanic  origin  may  be  of  any  race. 

^  Race/ethnicIty  data  by  field  not  available  prior  to  1 977. 

®  Preliminary  data. 

Figure  2-9. 

Total  II.S.  Bachelor's  Degrees  Conferred  Annually  in  the  Life  Sciences 
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Degrees  conferred  in  thousands 


Sources:  (1977-  1985):  Baker  (NCES  89-653),  pp.  241  -  243;  (1990  and  1991):  Snyder  (NCES  93-292) 
pp.  276  and  277. 

Note:  See  Table  C-5  for  supporting  data. 

®  Persons  of  Hispanic  origin  may  be  of  any  race. 

Race/ethnicity  data  by  field  not  available  prior  to  1 977. 

°  Preliminary  data. 

Figure  2-10. 

Total  US,  Bachelor's  Degrees  Conferred  Annually 
in  the  Physical  Sciences 


Degrees  conferred  in  thousands 


Sources:  (1977-  1985):  Baker  (NCES  89-653),  pp.  241  -  243;  (1990  and  1991):  Snyder  (NCES  93-292), 
pp.  276  and  277. 

Note:  See  Table  C-5  for  supporting  data. 

®  Persons  of  Hispanic  origin  may  be  of  any  race. 

Race/ethnicity  data  by  field  not  available  prior  to  1 977. 

Preliminary  data. 

Figure  2-11. 

Total  U.S.  Bachelor's  Degrees  Conferred  Annually  in  Mathematics 
(by  race  and  ethnic  group) 
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Degrees  conferred  in  thousands 


Sources:  (1977-  1985):  Baker  (NCES  89-653),  pp.  241  -  243;  (1990  and  1991):  Snyder  (NCES  93-292), 
pp.  276  and  277. 

Note:  See  Table  C-5  for  supporting  data. 

®  Persons  of  Hispanic  origin  may  be  of  any  race. 

^  Race/ethnicity  data  by  field  not  available  prior  to  1 977. 

®  Preliminary  data. 

Figure  2-12. 

Total  U.S.  Bachelor's  Degrees  Conferred  Annually  in  Computer  Science 
(by  race  and  ethnic  group) 


Degrees  conferred  in  thousands 


Year 


Sources:  (1977-  1985):  Baker  (NCES  89-653),  pp.  241  -  243;  (1990  and  1991):  Snyder  (NCES  93-292), 
pp.  276  and  277. 

Note:  See  Table  C-5  for  supporting  data. 

®  Persons  of  Hispanic  origin  may  be  of  any  race. 

Race/ethnicity  data  by  field  not  available  prior  to  1977. 

Preliminary  data. 

Figure  2-13. 

Total  II.S.  Bachelor's  Degrees  Conferred  Annually  in  Engineering 
(by  race  and  ethnic  group) 
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Degrees  conferred  in  thousands 


Year 

Sources:  (1977-  1985):  Baker  (NCES  89-653),  pp.  241-243;  (1990  and  1991):  Snyder  (NCES  93-292), 
pp.  276  and  277. 

Note:  See  Table  C-5  for  supporting  data. 

®  Persons  of  Hispanic  origin  may  be  of  any  race. 

Race/ethnicity  data  by  field  not  available  prior  to  1 977. 

‘^Preliminary  data. 

Figure  2-14. 

Total  U.S.  Bachelor's  Degrees  Conferred  Annually  in  All  Scientific  and 
Engineering  Fields  (by  race  and  ethnic  group) 

Figure  2-15  shows  all  U.S.  bachelor's  degrees  conferred  annually,  by  gender. 
The  steady  growth  in  the  number  of  female  recipients  is  the  most  notable  feature 
of  this  figure. 

Degrees  conferred  in  thousands 


Sources:  Snyder  (NCES  93-292),  pp.  243,  276,  277. 

Note:  See  Table  C-6,  Appendix  C,  for  supporting  data. 

®  Preliminary  data. 

Figure  2-15. 

Total  U.S.  Bachelor's  Degrees  Conferred  Annually  (by  gender) 
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An  examination  of  the  distribution  of  degrees  received  by  women  in  five 
groupings  of  the  science  and  engineering  fields  reveals  interesting  trends. 
Figure  2-16  displays  these  data. 


Degrees  conferred  in  thousands 


Sources:  (1977-  1985):  Baker  (NCES  89-653),  pp.  241  -  243;  (1990  and  1991):  Snyder  (NCES  93-292), 
pp.  276  and  277. 

Note:  See  Table  C-7,  Appendix  C,  for  supporting  data. 

®  Preliminary  data. 

Figure  2-16. 

Total  U.S.  Bachelor's  Degrees  Conferred  Annually  Upon  'Women 
(by  broad,  selected  fields) 


In  the  life  sciences,  the  number  of  women  receiving  bachelor's  degrees 
annually  has  been  reasonably  constant  since  the  late  1970s.  In  the  fields  of  the 
physical  sciences,  computer  science,  and  engineering,  the  numbers  of  women 
receiving  bachelor's  degrees  are  up  significantly  over  1971,  even  considering 
recent  declines.  Baccalaureates  in  the  physical  sciences  are  up  by  2,200  or 
73  percent.  Computer  science  is  up  by  7,100  from  almost  zero.  The  same 
observation  holds  for  engineering:  an  increase  of  10,600  from  nearly  zero  in 
1971.  In  mathematics,  the  overall  trend  is  generally  level  since  1975.  The 
numbers  of  women  now  receiving  degrees  in  science  and  engineering  are 
relatively  large.  They  are  starting  to  represent  a  sizable  portion  (approaching 
30  percent)  of  all  S&E  degrees  conferred. 

A  growing  number  of  foreign  students  are  receiving  degrees  in  science  and 
engineering  in  the  United  States.  Increases  are  occurring  both  at  the 
baccalaureate  level  and  among  those  receiving  doctorates.  As  shown  in 
Figure  2-17,  the  number  of  foreign  students  who  received  S&E  baccalaureate 
degrees  in  1990  totaled  fewer  than  10,000  graduates,  or  just  over  5  percent  of  the 
177,000  S&E  bachelor's  degrees  conferred,  and  fewer  even  than  the 
14,400  Asian/Pacific  Islander  U.S.  citizen  ethnic  subgroup  receiving  S&E 
baccalaureates  in  1990  (see  Figure  2-14).  Foreign  nationals  receiving  S&E 
doctorates  represent  significantly  higher  percentages  of  the  total  number  of 
degrees  awarded.  Figures  2-18  through  2-23  present  these  data. 
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Degrees  conterreci  in  thousands 


Sources:  (1977-  1985):  Baker  (NCES  89-653),  pp.  243;  (1990  and  1991):  Snyder  (NCES  93-292), 
pp.  276  and  277. 

Note:  See  Table  C-8,  Appendix  C,  for  supporting  data. 

®  Preliminary  data. 

Figure  2-17. 

Total  US,  Bachelor's  Degrees  Conferred  Annually  Upon  Foreign 
Students  (by  broad,  selected  fields) 


Doctorates  awarded 


U.S.  students 


Sources:  (1977-  1985):  Baker  (NCES  89-653),  pp.  225  and  249;  (1990-  1991):  Snyder  (NCES  93-292), 
pp.  282  and  283. 

Note:  See  Table  C-9,  Appendix  C,  for  supporting  data. 

®  Preliminary  data. 


Figure  2-18. 

U  S.  Doctorates  Awarded  Annually  in  the  Life  Sciences  (by  citizenship) 
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Doctorates  awarded 


Sources:  (1977-  1985):  Baker  (NCES  89-653),  pp.  225  and  249;  (1990-  1991):  Snyder  (NCES  93-292), 
pp.  282  and  283. 

Note:  See  Table  C-9,  Appendix  C,  for  supporting  data. 

®  Foreign  Student  data  by  field  first  available  in  1977. 

Preliminary  data. 

Figure  2-19. 

U.S.  Doctorates  Awarded  Annually  in  Mathematics 
(by  citizenship) 


Doctorates  awarded 


Sources:  (1977-  1985):  Baker  (NCES  89-653),  pp.  225  and  249;  (1990-  1991):  Snyder  (NCES  93-292), 
pp.  282  and  283. 

Note:  See  Table  C-9,  Appendix  C,  for  supporting  data. 

®  Foreign  Student  data  by  field  first  available  in  1 977. 

^  Preliminary  data. 

Figure  2-20. 

U.S.  Doctorates  Awarded  Annually  in  the  Physical  Sciences 
(by  citizenship) 
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Doctorates  awarded 


Sources:  (1977-  1985):  Baker  (NCES  89-653),  pp.  225  and  249;  (1990-  1991):  Snyder  (NCES  93-292), 
pp.  282  and  283. 

Note:  See  Table  C-9,  Appendix  C,  for  supporting  data. 

®  Foreign  Student  data  by  field  first  available  in  1977. 

‘’Preliminary  data. 

Figure  2-21 , 

IIS,  Doctorates  Awarded  Annually  in  Computer  Science 
(by  citizenship) 


Doctorates  awarded 


Year 

Sources:  (1977-  1985):  Baker  (NCES  89-653),  pp.  225  and  249;  (1990-  1991):  Snyder  (NCES  93-292), 
pp.  282  and  283. 

Note:  See  Table  C-9,  Appendix  C,  for  supporting  data. 

^  Foreign  Student  data  by  field  first  available  in  1 977. 

''  Preliminary  data. 

Figure  2-22. 

U.S.  Doctorates  Awarded  Annually  in  Engineering 
(by  citizenship) 
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Doctorates  awarded 


Sources:  (1977-  1985):  Baker  (NCES  89-653),  pp.  225  and  249;  (1990-  1991):  Snyder  (NCES  93-292), 
pp.  282  and  283. 

Note:  See  Table  C-9,  Appendix  C,  for  supporting  data. 

^  Foreign  Student  data  by  field  first  available  in  1977. 

^  Preliminary  data. 

Figure  2-23. 

U.S.  Doctorates  Awarded  Annually  in  All  Science  and  Engineering  Fields 
(by  citizenship) 

High  School  Student  Characteristics 

In  considering  those  studying  in  S&E  fields  in  the  nation's  colleges,  it  is 
instructive  to  review  the  pool  of  young  Americans  from  which  our 
undergraduate  S&E  student  populations  are  drawn.  Figure  2-24  shows  the 
percentage  of  beginning  high  school  students  who  go  on  to  complete  high  school 
successfully  by  age  28  to  29.  This  higher-aged  cutoff  has  been  used  because  it 
represents  final  completion  rates  realistically.  While  the  graduation  rates  of  both 
blacks  and  Hispanics  have  grown  between  1980  and  1990,  the  rate  for  whites  has 
remained  level.  Recent  preliminary  indications  reflect  decreases  for  both  whites 
and  Hispanics.  When  measured  against  the  baseline  of  1975,  however,  the  rates 
of  all  three  groups  are  higher. 
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Percent  of  population 


Sources:  Alsalam,  Nabeel,  ed.  The  Condition  of  Education:  1993.  Washington,  D.C.:  U.S.  Department 
of  Education,  National  Center  for  Education  Statistics  (NCES  93-290),  p.  253. 

Note:  See  Table  C-10,  Appendix  C,  for  supporting  data. 

®  Persons  of  Hispanic  origin  may  be  of  any  race. 

‘’Numbers  for  these  years  reflect  new  editing  procedures  instituted  by  the  Bureau  of  Census  in  1986  for 
cases  with  missing  data  on  school  enrollment  items. 

Figure  2-24. 

High  School  Completion  at  Age  28  to  29  (by  race  and  ethnic  group) 

(percentage  of  total  subgroup  population) 


The  percentage  of  the  three  major  racial  and  ethnic  groups  of  18-  to 
24-year-old  people  that  go  on  to  college  after  completing  high  school  is  shown 
in  Table  2-2.  Since  1980,  all  three  groups  show  increased  rates  of  participation  in 
higher  education.  The  rate  for  blacks  is  down  slightly  in  1980  and  1985,  then  up 
in  1990.  Preliminary  information  indicates  that,  in  the  1990-91  school  year,  the 
percentage  of  black  students  going  on  to  college  has  declined  slightly. 


Table  2-2. 

Participation  Rates  of  18  to  24-Year-Old  Adults  in  Higher  Education  (by 
race  and  ethnic  group)  (percentage  of  each  total  subgroup  population) 


Group 

1970 

1975 

1980 

1985 

1990 

1991’ 

White 

27.1 

27.4 

29.3 

30.0 

35.2 

36.8 

Black 

15.5 

20.4 

19.4 

19.6 

25.3 

23.4 

Hispanic^ 

N/A 

20.4 

16.1 

16.9 

16.2 

17.8 

Source;  Snyder  (NCES  93-292).  p.  187. 

Note:  N/A  =  not  available. 

®  Preliminary  data. 

^  Persons  of  Hispanic  origin  may  be  of  any  race. 
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Figure  2-25  shows  recent  trends  in  the  national  mean  scores  for  the 
Scholastic  Aptitude  Test  (SAT)  taken  by  college-bound  young  men  and  women. 
Figure  2-26  contains  similar  information  for  the  American  College  Testing  (ACT) 
Assessment  Program.  While  the  latest  results  of  both  tests  are  a  little  better  than 
the  lows  of  1980,  the  continued  disappointing  performance  by  our  youth  on 
these  standard  measures  causes  widespread  concern  in  the  United  States.  The 
scores  do  not  show  significant  improvement  in  spite  of  genuine  interest  and 
attention  by  educational  systems  and  institutions,  by  families,  and  by  the 
national  press. 


Year 

Sources:  (1963-  1987)  Baker  (NCES  89-653),  pp.  27  and  162;  (1990  -  1993)  Educational  Testing  Service. 
Note:  SAT  =  Scholastic  Aptitude  Test  of  the  College  Entrance  Examination  Board. 

Figure  2-25. 

National  Average  SAT  Scores  (1963  through  1993) 


Freshman  in  thousands 


Sources:  (1970-1988)  Baker  (NCES  89-653),  pp.  27  and  163;  1993  ACT. 

Note:  ACT  =  American  College  Testing  Assessment  Program. 

®  Prior  to  1990,  the  reading  test  focused  on  social  studies.  Subsequent  to  1990,  the  reading  test  included 
prose  fiction,  humanities,  social  studies,  and  natural  sciences. 

Figure  2-26. 

National  Average  ACT  Scores  (1970  through  1993) 
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The  scores  attained  by  17-year-old  students  in  standardized  mathematics 
and  science  tests  show  similar  trends.  Table  2-3  displays  some  of  the  results  of 
tests  reported  by  the  National  Educational  Testing  Service  for  the  National 
Assessment  of  Educational  Progress. 

Table  2-3. 

Proficiency  of  Students  17  Years  Old  (national  average  scores) 


Subject  area 

1970 

1975 

1980 

1985 

1990 

Science 

305 

296 

290 

283 

290 

Mathematics 

N/A 

304 

300 

299 

305 

Source:  Owen,  Eugene  H.,  Trends  in  Academic  Progress:  Achievement  of  American  Students  in  Science, 
Mathematics,  Reading,  and  Writing.  Washington,  D.C.,  National  Center  for  Education  Statistics 
(NCES  9M264),  Sept.  30, 1991,  p.  19. 


Note:  N/A  =  not  available. 

In  recent  years  there  has  been  a  movement  by  some  states  and  school 
districts  to  require  more  mathematics  and  science  courses  for  high  school 
graduation.  Table  2-4  shows  the  national  aggregate  result  for  the  years  1982, 
1987,  and  1990  distributed  by  racial  and  ethnic  group.  A  significantly  larger 
proportion  of  all  high  school  graduates  completed  this  "new  basics"  curriculum 
in  1990  than  completed  it  in  1982  and  in  1987.  Black  and  Hispanic  groups  of 
graduates  show  the  highest  percentage  increases  of  the  groups  shown. 

Table  2-4. 

High  School  Graduates  Earning  Recommended  Credits  in  "New  Basics" 

(by  race  and  ethnic  group) 

(percentage  of  graduates  in  each  group) 


Racial/ethnic 
category 
of  students 

1982 

1987 

Percentage 
change 
1982  to 
1987 

1990 

Percentage 
change 
1982  to 
1990 

All  students 

13.4 

28.6 

-H113.4 

39.9 

+197.8 

White 

14.9 

29.7 

+99.3 

40.6 

+172.5 

Black 

10.1 

24.3 

+140.6 

41.3 

+308.9 

Hispanic® 

6.3 

17.9 

+184.1 

32.7 

+419.0 

Asian 

21.0 

48.3 

+130.0 

51.2 

+143.8 

Others 

5.9 

28.9 

+389.8 

26.0 

+340.7 

Source:  Legum,  Stanley,  et  al.  The  1990  High  School  Transcript  Study  Tabulations:  Comparative  Data  on 
Credits  Earned  and  Demographics  for  1990,  1987,  and  1982  High  School  Graduates.  Washington,  D.C., 
National  Center  for  Education  Statistics  (NCES  93-423),  April  1993,  pp.  A-186  and  A-187. 


Note:  Recommended  credits  in  “new  basics”  include  four  years  of  English  and  three  years  each  of  science, 
mathematics,  and  social  studies. 

®  Persons  of  Hispanic  origin  may  be  of  any  race. 
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Table  2-5  compares  the  percentages  of  students  taking  new  basics  credits  in 
1982, 1987,  and  1990  with  the  size  of  the  high  school  graduating  populations  for 
the  same  years.  Although  the  total  number  of  high  school  graduates  in  1990  was 
412,000  lower  than  in  1982,  the  number  of  graduates  completing  the  new  basics 
credits  increased  by  631,000  over  1982.  In  1990,  therefore,  there  was  a 
significantly  larger  pool  of  high  school  graduates  potentially  able  to  pursue 
further  study  in  science  or  engineering  than  was  the  case  8  years  earlier.  These 
graduates  may  not  be  motivated  to  pursue  S&E  studies,  but  as  a  group  they  are 
better  equipped  to  do  so,  should  the  motivation  come.  This  real  increase  in  the 
size  of  the  "potentially  able"  pool  has  occurred  in  spite  of  the  simultaneous 
decrease  in  the  size  of  the  18-  to  24-year-old  cohort  already  shown  in  Figure  2-2. 

Table  2-5. 

Change  in  Numbers  of  High  School  Graduates  Earning 
Recommended  Credits  in  "New  Basics" 


Year 

Number  of  high 
school  graduates 
(thousands) 

Percentage  taking 
new  basics 

Number  taking 
new  basics 
(thousands) 

1982 

3,000 

13.4 

402 

1987 

2,700 

28.6 

772 

1990 

2,588 

39.9 

1,033 

Change 

1982-1990 

-412 

+26.5 

+631 

Source:  Number  of  high  school  graduates:  Snyder  (93-292).  p.  108.  Percent  taking  new  basics:  Legum 
(NCES  93-423),  pp.  A-186  and  A-187. 


These  data  would  seem  to  suggest  that  U.S.  high  schools  are  producing 
graduates  with  greater  quantitative  reasoning  ability  as  time  goes  on.  If  that  is 
true,  why  then  have  national  standardized  scores  continued  their 
flat-to-downward  trend?  One  might  expect  improving  performance  in  the 
mathematics  subtests  of  both  the  SAT  and  the  ACT  between  1982  and  1990  (the 
years  represented  in  Table  2-5)  as  a  demonstration  of  the  impact  of  the 
additional  year  of  mathematics  represented  by  the  "new  basics"  curriculum. 
A  close  examination  of  the  period  1982  through  1990  in  Figures  2-25  and  2-26 
does  reveal  mildly  positive  trends  in  mathematics  subtest  scores  for  both 
standardized  instruments.  While  this  growth  is  not  too  impressive,  it  does  seem 
to  show  that  the  "new  basics"  is  not  harming  students'  mathematical  reasoning 
capacities  and  may  be  starting  to  help. 


College  Freshman  Interest  in  Science 
AND  Engineering 

The  American  Council  on  Education  and  the  Cooperative  Institutional 
Research  Program  (CIRP)  of  the  University  of  California,  Los  Angeles  conduct 
an  annual  survey  of  freshman  college  students.  This  recurring  national  survey 
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examines  characteristics  of  over  eight  million  students  at  1,300  institutions.  A 
part  of  this  continuing  study  assesses  freshman  interest  in  pursuing  careers  in 
science  and  engineering. 

The  first  CIRP  data  on  S&E  interest  were  produced  in  1966.  During  the 
period  1966  to  1989  they  show: 

♦  Interest  in  fundamental  rmdergraduate  science  majors  among  college 
freshmen  has  dropped  dramatically  over  the  past  23  years. 

♦  Interest  in  technology  careers  has  declined  over  the  past  6  years. 

♦  More  than  half  the  students  who  enter  college  planning  to  pursue  science 
majors  change  to  nonscience  fields. 

This  drop  in  S&E  career  interest,  when  coupled  with  reduction  in  the  size  of  the 
18-  to  24-year-old  cohort,  causes  concern  about  future  S&E  baccalaureate  degree 
production. 

Data  from  the  CIRP  surveys  are  shown  in  Figures  2-27  and  2-28.  Figure  2-27 
shows  the  CIRP  responses  as  percentages  of  all  entering  freshmen  in  the  United 
States.  Figure  2-28  displays  the  number  of  freshmen  expressing  the  preferences 
shown. 


Percent 


Year 

Source:  (1966-1987):  Cooperative  Institutional  Research  program  (CIRP),  Higher  Education  Research 
Institute,  University  of  California,  Los  Angeles,  CA;  (1988-  1993):  Astin,  Alexander  W.,  et  al.  The  American 
Freshman:  National  Norms  for  Fall  1988,  1989,  1990,  1991,  1992,  1993.  Los  Angeles,  CA:  University  of 
California,  Los  Angeles,  CA.  Cooperative  Institutional  Research  Program;  and  (freshman  enrollment):  Snyder 
(NCES  93*292),  p.  183. 

Notes:  See  Table  C-1 1 ,  Appendix  C  for  supporting  data.  Each  annual  entering  freshman  population  equals 
1 00  percent. 

Figure  2-27. 

Freshman  Interest  in  Science  and  Engineering  as  Academic  Majors 
(each  annual  entering  freshman  population  equals  100  percent) 
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Freshman  in  thousands 


Year 


Source:  (1966-  1987):  Cooperative  Institutional  Research  program  (CIRP),  Higher  Education  Research 
Institute,  University  of  California,  Los  Angeles,  CA;  (1988  -  1993):  Astin,  Alexander  W.,  et  al.  The  American 
Freshman:  National  Norms  for  Fall  1988,  1989,  1990,  1991,  1992,  1993.  Los  Angeles,  CA:  University  of 
California,  Los  Angeles,  CA.  Cooperative  Institutional  Research  Program;  and  (freshman  enrollment):  Snyder 
(NCES  93-292),  p.  183. 

Notes:  See  Table  C-12,  Appendix  C,  for  supporting  data.  Data  for  1993  not  available. 

Figure  2-28. 

Freshman  Interest  in  Science  and  Engineering  as  Academic  Majors 
(by  year  and  selected  field  —  numbers  of  students  interested  in  each 
subject  area)  (by  thousands) 


These  data  reflect  decreases  in  student  interest  in  the  physical  sciences  and 
mathematics  since  1966  and  in  computer  science  since  1983.  Examination  of  the 
data  by  discipline  reveals  the  following  points: 

♦  Computer  Science:  Interest  in  computing  is  back  to  its  level  of  1978.  The  last 
few  years  have  been  essentially  level.  The  CIRP  data  may  be  reflecting  the 
fact  that  much  computing  effort  is  now  integrated  into  the  teaching  of  other 
disciplines,  while  the  focus  of  computing  instruction  has  shifted  somewhat 
from  programming  to  applications.  Therefore,  students  may  be  pursuing 
computer  science  . .  as  a  means  to  an  end  rather  than  an  end  in  and  of 
itself . . . 

♦  Engineering:  The  interest  level  in  engineering  is  at  about  the  level  expressed 
in  1960's.  Since  the  enrollment  pool  is  significantly  larger  than  in  1966  (even 
if  down  from  a  1981  peak)  there  were  about  one  and  a  half  times  the  number 
of  freshmen  students  interested  in  engineering  in  1991  than  in  1966  (230,000 
versus  152,000).  Some  decrease  in  interest  was  expressed  in  1992  and  1993. 

♦  Physical  Sciences:  Freshman  interest  in  physical  sciences  has  varied  over  the 
27  years  covered  by  CIRP  data.  Current  interest  in  1991  was  higher  than 
any  year  since  1981.  The  data  do  show  a  decline  of  only  24  percent  from 
1966  in  the  numbers  of  students  interested  in  the  physical  sciences, 

*  Green,  Kenneth  C.,  "A  Profile  of  Undergraduates  in  the  Sciences,"  American  Scientist, 
Volume  77,  September  -  October  1989,  pp.  475  -  480. 
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however.  Since  1985,  student  interest  in  this  field  has  remained  essentially 
level  until  the  reported  increase  in  1993. 

♦  Biological  Sciences:  Freshman  interest  in  these  fields  shows  greater 
variability  than  interest  in  the  physical  sciences.  In  this  case,  interest  is  now 
showing  large  increases,  especially  in  1991  and  1992.  More  than 
59,000  additional  students  now  express  interest  in  the  biological  sciences 
than  in  1966. 

♦  Mathematics:  Mathematics  interest  shows  a  more  serious  downward  trend. 
Current  interest  is  only  about  one-seventh  that  indicated  in  1966.  This 
reduced  interest  level  has  remained  almost  constant  since  1979. 

Although  we  might  wish  to  see  greater  expressions  of  interest  in  S&E 
careers  among  college  freshmen,  these  data  do  show  that  interest  levels  may 
have  stabilized  over  the  last  5  to  11  years.  In  two  cases  they  might  actually  be 
increasing. 

Does  interest  in  a  given  career,  expressed  as  a  freshman,  persist  through  the 
collegiate  undergraduate  years?  Astin  followed  the  first  three  CIRP  freshmen 
"generations"  through  college  to  determine  how  durable  the  CIRP  freshman 
career  preferences  were.  In  general,  the  engineering  group  was  reduced  by 
about  20  percent  during  the  passage  of  4  years,  while  the  numbers  of  students 
expressing  interest  in  scientific  research  as  a  career  did  not  change  markedly. 
Similar  levels  of  continuity  are  cited  by  Green  in  his  1989  keynote  address  at  a 
professional  conference  on  undergraduate  education  in  science,  mathematics, 
and  engineering: 

The  CIRP  data  do  predict  future  trends  in  the  number  of  earned 
imdergraduate  science  degrees.  Unpublished  studies  conducted  by  CIRP  staff 
point  to  very  high  correlations  (r2  values)  between  the  proportion  of  freshmen 
plarming  to  major  in  science  fields  and  the  number  of  earned  undergraduate 
science  degrees  four  years  later  (i.e.,  a  four-year  cohort  approach).  These 
r2  values  range  from  .88  for  the  biological  sciences  to  .93  for  engineering  to  .98 
for  computer  science. 

As  some  students  lose  interest  in  S&E  careers,  however,  others  appear  who 
would  not  have  been  identified  earlier  in  life  as  having  S&E  potential.  A  1988 
work  by  the  Office  of  Technology  Assessment  observes  that,  ". . .  natural  science 
and  engineering  attract  some  new  adherents  both  in  the  later  years  of  high 
school  and  in  the  early  years  of  college.  The  die  is  not  cast  in  the  early  stages  of 
the  educational  process. . .  In  this  study,  nearly  27  percent  of  eventual  S&E 
graduates  enter  these  disciplines  from  non-S&E  majors  after  commencing  - 
college. 


^Chubin,  Daryl  E.,  Project  Director.  Elementary  and  Secondary  Education  for  Science  and 
Engineering  —  A  Technical  Memorandum.  Washington,  D.C.:  U.S.  Congress,  Office  of 
Technology  Assessment,  December  1988,  p.  12. 
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Interpretation  of  Trends 


Just  what  do  all  these  trends  mean  for  the  future  supply  of  scientists  and 
engineers  in  the  United  States?  Are  those  who  anticipate  shrinking  pools, 
declining  production,  and  growing  shortages  to  be  believed,  or  is  the  picture 
somewhat  brighter? 

In  this  atmosphere  of  countervailing  forces  and  offsetting  conditions, 
several  things  seem  clear: 

♦  The  next  few  years  should  be  watched  closely.  Many  of  the  disappointing 
downward  trends  of  the  last  15  to  20  years  may  have  bottomed  out.  We 
may  be  seeing  the  beginnings  of  improvements  in  some  of  the  traditional 
indicators  of  S&E  production.  That  is  true  of  freshman  career  preferences 
and  it  is  true  of  college  participation  rates  among  students. 

♦  The  total  U.S.  population  continues  to  grow,  and  the  growth  rate  of 
imnorities  is  significantly  higher  than  that  of  whites.  Since  science  and 
engineering  students  have  historically  come  from  the  white  population, 
specifically  the  white  male  population,  either  the  number  of  science  and 
engineer  students  will  fall  absolutely  or  another  source  must  be  foxmd  to 
replace  the  declining  white  male  population  and  that  declining  portion  of 
white  males  who  choose  science  and  engineering  studies.  One  source  for 
offsetting  the  losses  is  women.  Greater  numbers  of  women  are  attending 
college  and  greater  numbers  are  enrolling  in  science  and  engineering. 
Another  promising  trend  is  increased  numbers  of  racial  and  ethnic  minority 
members  to  pursue  science  and  engineering  curricula.  These  numbers  have 
already  begun  to  increase  significantly,  though  the  quantities  are  still  small. 
Since  both  of  these  trends  are  positive,  it  seems  that  S&E  intervention 
programs  targeting  women  and  minority  populations  may  increase  college 
enrollments  and  S&E  involvement  even  further. 

♦  More  high  school  students  are  completing  high  school,  they  are  doing  no 
worse  in  standardized  tests,  and  they  are  completing  significantly  more 
mathematics  and  science  courses  while  in  high  school.  This  means  the 
"academically  able"  pool  is  increasing  even  in  the  face  of  a  decreasing 
population  of  18-  to  24-year-old  young  adults. 

The  problem,  therefore,  is  how  to  get  more  of  these  better  educated 
yoimgsters,  particularly  females  and  members  of  underrepresented  minorities, 
to  select  science  and  engineering  as  a  college  curriculum  and  life  work. 
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Chapters 


The  Science  and  Engineering  Pipeline 


Intkoduction 

The  "science  and  engineering  pipeline"  is  that  portion  of  the  formal 
education  system  through  which  students  pass  on  their  way  to  careers  in  science 
or  engineering.  The  pipeline  contains  widiin  its  bounds  all  the  students  who  are 
equipped,  able,  and  motivated  to  pursue  these  careers.  It  includes  at  its 
beginning  many  children  in  the  early  grades  of  elementary  school.  It  then 
narrows  through  a  series  of  attrition  and  selection  processes  imtil  it  ends  by 
holding  only  the  group  of  qualified  and  educated  scientists  and  engineers  as 
signified  by  the  award  of  baccalaureate,  master's,  and  doctoral  degrees. 


Description 

In  the  early  stages  of  the  pipeline,  the  students  (and  any  accompanying 
career  desires)  are  less  focused  than  they  are  further  along  the  pipeline. 
Likewise,  curricular  and  career  definitions  are  generalized  during  the 
elementary  school  and  early  secondary  school  stages  of  the  pipeline.  For 
example,  the  terms  "science,"  "natural  sciences"  and  "physical  sciences"  are 
sometimes  used  interchangeably  at  those  stages.  At  the  other,  or  production, 
end  of  the  pipeline,  however,  such  generalization  and  overlapping  is  neither 
necessary  nor  appropriate.  But  during  elementary  school,  and,  to  a  lesser  extent 
during  secondary  school,  the  system  emphasizes  performance  in  die  sequential 
mathematics  courses,  in  chemistry,  in  physics,  in  computer  science,  in  earth 
sciences,  and  (to  a  lesser  extent)  in  biology  or  other  life  sciences.  Less  concern 
and  attention  are  devoted  to  students'  interest  in  courses  in  the  social  and 
behavioral  sciences. 

The  pipeline  is  more  or  less  continuous  dirough  the  education  process.  It 
contains  important  linkages  or  gaps  that  connect  the  stages  of  formal  education 
from  kindergarten  through  graduate  school.  Losses  from  the  pipeline  occur 
within  stages  and  between  stages: 

♦  Within  elementary  school 

♦  Between  elementary  and  secondary  school 

♦  Within  secondary  or  high  school 

♦  During  the  high  school-to-college  transition 
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♦  Within  undergraduate  college,  particularly  during  the  first  2  years 

♦  During  the  college-to-graduate  school  transition 

♦  Within  graduate  school. 

These  losses  occur  for  several  reasons:  some  students  are  simply  not 
interested  in  science  and  engineering  subject  matter,  others  are  not  academically 
capable,  while  still  others  demonstrate  adequate  ability  but  lack  the  motivation 
or  perseverance  to  attack  what  they  perceive  as  "harder"  mathematics  and 
science  curricula.  Those  who  are  not  academically  capable  actually  may  have 
avoided  the  fotmdational  education  in  elementary  or  secondary  school  upon 
which  more  advanced  study  m  science  and  mathematics  is  based.  Other 
students  cannot  afford  to  go  to  college,  while  still  others  never  receive  the 
necessary  encouragement  or  impetus  to  persevere  in  the  more  difficult  science 
and  engineering  curricula.  In  addition: 

...  the  pipeline  is  not  filled  solely  by  the  determined  core  of  committed 
students  who  display  early  promise,  high  achievement,  and  drive.  Estimates 
suggest  that  one-quarter  of  those  who  eventually  go  on  to  major  in  science  and 
engineering  come  from  outside  the  academic  (college-preparatory)  curriculum 
track.' 

Thus,  there  is  a  significant  amount  of  elasticity  within  the  pipeline,  as  well 
as  migration  into  and  out  of  the  pipeline:^ 

♦  During  high  school,  as  much  as  33  percent  of  the  pipeline  is  made  up  of 
students  coming  from  nonscience  and  engineering  curricula. 

♦  By  the  time  students  are  high  school  seniors,  up  to  26  percent  have  left  the 
pipeline. 

♦  At  the  start  of  college,  up  to  19  percent  of  the  students  in  the  science  and 
engineering  pipeline  have  come  back  into  the  pipeline  after  dropping  out 
previously. 

♦  During  college,  up  to  27  percent  of  the  pipeline  is  made  up  of  students 
coming  in  from  nonscience  and  nonengmeering  curricula. 

Figure  3-1  shows  these  dynamics.  It  documents  the  flow  of  students  into 
and  out  of  natural  science  and  engineering  academic  intentions  at  three  points 
along  the  pipeline:  as  high  school  sophomores,  as  high  school  seniors,  and  as 
college  sophomores. 


'  Chubin,  Daryl  E.,  Project  Director.  Educating  Scientists  and  Engineers:  Grade  School  to 
Graduate  School.  Washington,  DC:  U.S.  Congress,  Office  of  Technology  Assessment,  June 
1988,  p.  13. 

^Chubin,  Daryl  E.,  Project  Director.  Elementary  and  Secondary  Education  for  Science  and 
Engineering  -  A  Technical  Memorandum,  pp.  10-12. 
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1 980  high  school  1 982  high  1 984  college 


Source:  Chubin,  Daryl  E.,  Project  Director.  Elementary  and  Secondary  Education  for  Science  and 
Engineering  —  A  Technical  Memorandum.  Washington,  D.C.:  U.S.  Congress,  Office  of  Technology 
Assessment,  December  1988,  p.  10. 

Note:  This  diagram  traces  those  students  who,  at  some  point,  planned  to  major  in  natural  science  or 
engineering  (NSE),  out  of  a  nationally  representative  sample  of  high  school  graduates  (n  =  10,739). 
"Re-entrants"  chose  NSE  as  high  school  sophomores,  abandoned  NSE  goals  as  high  school  seniors,  but 
chose  an  NSE  major  in  college.  Only  300  students,  or  less  than  10%,  of  those  starting,  stayed  with  the  same 
field  within  NSE  at  all  three  time  points;  the  majority  of  NSE  students  changed  field  preferences  within  NSE  at 
least  once. 

Figure  3-1 . 

Flow  Diagram,  1982  High  School  Graduates  Planning  Natural  Science 
or  Engineering  College  Majors  (1980  through  1984) 

Throughout  the  length  of  the  pipeline,  more  than  one  "pool"  of  students 
form  the  origins  of  the  nation's  supply  of  scientists  and  engineers.  Their 
composition  differs  at  various  stages  along  the  pipeline. 

♦  Three  pools  of  students  exist  at  the  elementary  school  level.  They  are  not 

well-defined  and  they  overlap  one  another. 

►  The  talent  pool:  Those  students  who  have  the  ability  to  go  on  to  S&E 
careers. 

►  The  academically  able  pool:  Those  students  who  have  satisfactorily 
completed  a  curriculum  with  enough  academic  rigor  to  be  considered 
"on  track"  for  future  S&E  curricula. 

►  The  pipeline  pool:  Those  students  who  intend  to  pursue  S&E  careers. 

At  this  level  these  pools  are  generally  considered  to  be  identical  in 
composition  and  size,  except  for  those  few  students  who  obviously 
perform  at  a  level  well  below  that  of  the  mainstream.  Due  to  the 
vagueness  inherent  in  students'  career  plans  at  this  early  stage  in  their 
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education,  and  due  to  the  lack  of  (perhaps  the  impossibility  of) 
definitive  research  findings  on  tins  same  subject,  whatever  we  say 
about  student  groups  or  pools  based  on  a  combination  of  intent  and 
demonstrated  academic  abihties  must  be  attributed.  The  characteristics 
and  descriptions  we  include  here  about  elementary  school  children  are 
not  based  on  research  or  survey  data. 

♦  During  secondary  school,  differences  among  these  pools  become  evident. 

►  The  largest  group  consists  of  those  who  could  proceed  successfully  to 
an  S&E  career  if  they  would  so  choose;  it  is  the  talent  pool. 

►  The  academically  able  pool  is  a  large  subset  of  the  talent  pool.  These 
students  have  completed  —  in  some  cases  against  their  wills  —  an 
array  of  academic  courses  having  sufficient  rigor  and  mathematical  or 
scientific  content  to  equip  them  adequately  to  move  on  toward  more 
advanced  S&E  curricula  should  the  students  choose  them. 

►  The  smallest  pool  of  the  three  consists  of  students  who  actively  plan  to 
pursue  S&E  careers.  Those  students  are  generally  being  counseled  to 
take  the  proper  preparatory  courses  and  they  are  motivated  to 
continue.  They  are  the  pipeline  pool. 

♦  Differentiation  among  the  groups  continues  in  college.  Here,  uneven 

attrition  from  the  pipeline  is  the  norm. 

►  The  talent  pool  is  of  less  consequence  at  this  level  because  the  students 
in  that  pool  are  generally  headed  in  various  directions  with  their  lives. 

►  The  academically  able  group  shrinks  rapidly  because  preparatory 
curricula  like  the  "new  basics"  are  no  longer  compulsory. 

►  The  pipeline  now  narrows  abruptly,  then  more  gradually  throughout 
the  remainder  of  the  undergraduate  experience  tmtil  graduation.  At 
that  point  it  consists  of  those  men  and  women  who  are  awarded 
baccalaureate  degrees  in  scientific  and  engineering  fields  of  study. 

Not  long  after  graduate  school  begins,  two  things  have  happened  to  the 
pipeline:  its  size  has  been  reduced  drastically  by  large  numbers  of  S&E 
practitioners  who  choose  not  to  enroll  in  graduate  school,  and  it  has  received 
from  outside  the  undergraduate  pipeline  a  small  but  persistent  number  of  men 
and  women  who  have  decided  late  to  become  scientists  and  engineers.  These 
people  often  have  undergraduate  degrees  in  the  humanities,  in  business,  or  in 
other  fields,  but  they  have  somehow  become  redirected  in  their  career  choice 
toward  S&E  work.  The  pipeline  continues  to  narrow  through  graduate  school 
because  of  natural  attrition,  until  it  reaches,  respectively,  the  master's  degree  and 
the  doctorate.  We  have  chosen  not  to  identify  die  talent  pool,  the  academically 
able  pool,  and  the  pipeline  pool  here  because  it  would  be  needlessly  artificial  to 
do  so. 
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Within  all  these  pools,  of  course,  there  are  a  number  of  different  groups, 
subgroups,  strata,  or  mini-pools.  The  pools  can  be  subdivided  by  gender, 
ethnicity,  race,  economic  status,  or  by  other  discriminators.  Indeed,  a  number  of 
existing  intervention  or  encouragement  programs  are  aimed  directly  at  one  such 
subgroup  or  another. 

The  S&E  pipeline,  shown  originally  in  Figure  3-1,  contains  several  points  at 
which  substantial  reduction  or  narrowing  occurs  abruptly.  Figure  3-2  is  a 
representation  of  the  entire  S&E  pipeline. 


Quantity  of  S&E- 
bound  students 


®  B  =  Bachelor's,  M  =  Master's  level,  and  D  =  Doctorate.  Postdoctoral  study  not  shown. 

”  Five  years'  undergraduate  study  are  shown  because  many  science  and  most  engineering  majors  require 
such  a  period  of  study. 

Figure  3-2. 

Notional  Reductions  in  the  Science  and  Engineering  Pipeline 
with  Educational  Progress 


The  first  major  reduction  occurs  in  the  early  years  of  secondary  school 
(generally  during  the  7th  through  the  9th  grades),  when  students  are  asked  to 
begin  several  academic  course  sequences.  In  mathematics,  for  example,  students 
may  opt  for  relatively  easy,  moderate,  or  difficult  course  sequences  based  on  a 
combination  of  their  own  experiences,  their  long-range  academic  plans,  and  their 
counselors'  suggestions.  Students  enrolled  in  school  systems  embracing  the 
"new  basics"  curricula  requirements  (see  Table  2-5)  embark  on  three  or  four 
years  of  sequential  mathematics  courses  of  increasing  difficulty.  Similar 
decisions  are  made  for  sequences  involving  the  natural  and  social  sciences.  This 
period  of  choosing  by  students  rapidly  reduces  both  the  pipeline  population  and 
the  academically  able  pool.  It  also  probably  helps  to  improve  or  refine  the 
boundaries  of  the  talent  pool  as  well. 
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The  next  major  narrowing  of  the  pipeline  occurs  during  the  time  between 
high  school  and  college.  Large  numbers  of  well-prepared,  talented  students 
annually  forego  collegiate  study  for  a  wide  variety  of  reasons. 

The  beginning  of  undergraduate  study,  however,  offers  little  assurance  of 
continued  success  for  those  pursuing  S&E  goals.  Between  the  beginning  of 
freshman  year  and  the  end  of  sophomore  year,  the  pipeline  (and  the 
academically  prepared  pool  as  well)  undergo  significant  shrinkage.  Once 
students  successfully  begin  junior-year  studies,  however,  attrition  slows. 

Upon  graduation  from  college,  of  course,  a  number  of  S&E  pipeline 
members  fall  away,  having  attained  their  baccalaureate-level  goals.  The 
educational  gap  between  xmdergraduate  study  and  graduate  school,  tiierefore, 
is  the  next  —  and  last  —  precipitous  reduction  in  pipeline  size. 


Summary 


The  science  and  engineering  pipeline,  beginning  in  elementary  school  and 
continuing  through  graduate  education,  is  approximately  20  years  long.  There 
are  many  opportunities,  therefore,  to  try  to  influence  the  pipeline  size  or  volume 
along  the  way.  Observers  do  not  agree,  however,  on  the  location  of  the  point  or 
points  at  which  intervention  will  have  the  greatest  positive  impact. 

Increasing  the  size  of  the  S&E  pipeline,  for  example,  can  occur  in  one  of  two 
ways.  Individuals  can  be  added  along  the  way  through  recruiting  activities,  or 
people  already  in  the  pipeline  can  be  retained  by  efforts  bent  on  reducing 
attrition.  The  more  immediate  payoff  can  be  realized  by  retaining  larger 
numbers  of  pipeline  incumbents  who  are  relatively  close  to  their  goal  of 
graduation  as  scientists  or  engineers.  It  is  possible,  however,  that  even  larger 
numbers  of  scientists  and  engineers  can  be  produced  through  recruiting  efforts 
expended  earlier  in  the  pipeline.  As  in  many  conditions  of  this  type,  a 
combination  of  bodi  types  of  activities  may  prove  to  be  the  most  useful  choice 
for  intervention  plans. 

In  the  following  chapter,  we  examine  a  number  of  DoD  programs  that  strive 
either  to  encourage  students  to  pursue  S&E  careers  in  the  first  place,  or  to  eqxxip 
students  to  persevere  an  S&E  curricula  already  chose. 
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Chapter  4 


DoD  Science  and  Engineering 
Intervention  Programs 

Background 

In  October  of  1989,  OASD(FM&P)  and  ODDR&E  requested  the  Military 
Services  and  Defense  agencies  to  submit  summary  descriptions  of  their  science 
and  engineering  educational  programs  (also  called  intervention  programs).^ 
This  OSD  effort  was  undertaken  largely  in  response  to  a  congressional  request 
for  information  on  the  array  of  existing  DoD  programs  that  promote  education 
and  training  in  the  sciences,  engineering,  and  other  technical  disciplines.  The 
information  gathered  was  also  to  be  used  for  the  analysis  of  activities  that  could 
help  DoD  planning  for  ways  to  meet  future  technical  personnel  needs. 

The  Military  Services  and  Defense  agencies  submitted  information  on 
136  intervention  programs^  to  OSD.  Table  4-1  shows  a  distribution  of  these 
programs  by  reporting  agency  and  educational  level. 

Table  4-1 . 

DoD  Science  and  Engineering  Intervention  Programs  Reported  to  OSD 
(by  educational  level  and  reporting  agency) 


Educational  level 

Army 

Navy 

Air  Force 

Defense 

agencies 

Total 

Precollege 

4 

11 

1 

4 

Undergraduate 

1 

19 

1 

8 

Graduate 

9 

18 

9 

14 

Postdoctoral/faculty 

5 

11 

4 

2 

Other^ 

0 

8 

0 

14 

Total 

19 

67 

15 

35 

136 

®  Includes  programs  with  other  than  educational  objectives,  such  as  recruiting,  retention,  conferences, 
or  publicity. 


Reporting  by  the  Military  Services  and  Defense  agencies  was  uneven.  The 
Navy  reported  many  more  intervention  programs  than  did  the  other  Services. 
Our  review  of  all  the  reported  programs,  however,  revealed  that  the  Navy 

^  Office  of  the  Secretary  of  Defense  (OSD)  Memorandum,  "Science  and  Engineering 
Workforce:  Year  2000,"  10  October  1989. 

^  A  list  of  the  136  programs  reported  is  included  in  Appendix  A. 
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reported  programs  from  many  different  organizational  levels,  while  the  Army 
and  Air  Force  tended  to  report  centrally-coordinated  programs.  As  an  example, 
the  Navy  reported  five  cooperative  education  programs,  while  the  Army 
reported  none,  the  Air  Force  one,  and  the  defense  agencies  two. 

Some  of  the  programs  were  reported  more  than  once.  The  National 
Research  Council  (NRC)  Postdoctoral  Research  Associateship  program,  for 
example,  was  reported  once  by  the  Army,  four  times  by  the  Navy,  once  by  the 
Air  Force,  and  once  by  the  Defense  Nuclear  Agency.  Thus,  Table  4-1  includes 
this  seven  times.  We  consider  it  a  single  program. 

Two  observations  are  warranted.  First,  people  do  not  agree  on  just  what 
constitutes  an  educational  intervention  program  for  scientific  and  engineering 
personnel.^  Second,  comparable  activities  conducted  by  subordinate 
organizations  within  the  agencies  and  the  Military  Services  were  not  reported  in 
equivalent  ways  during  this  exercise. 

Of  the  136  programs  reported,  112  were  selected  for  inclusion  in  OSD's 
report  to  Congress.^  This  list  became  the  original  inventory  of  programs  for  the 
current  study.  The  process  used  to  reduce  that  list  is  described  in  the  following 
section. 


Final  Selection  of  Programs  for  Evaluation 

It  would  have  been  impossible  to  evaluate  and  analyze  effectively  all 
112  programs  reported  by  DoD.  A  representative  sample  set  of  programs  was 
therefore  selected  for  detailed  analysis.  The  following  criteria  were  used  to 
reduce  the  larger  list  to  a  more  manageable  group  of  32.^ 

The  following  kinds  of  programs  were  eliminated: 

♦  Those  that  are  not  science  and  engineering  educational  intervention 
programs.  (A  few  programs  were  included  in  the  112  that,  upon  closer 
examination,  should  have  been  excluded  from  the  final  list.) 

♦  Programs  recently  initiated  (generally  after  1985/1986).  There  are  older, 
better-established  programs  that  promised  to  provide  more  extensive  data. 


^A  working  definition  of  these  programs  is  suggested  in  a  later  section  of  this 
chapter. 

^  Department  of  Defense.  Report  on  Science  and  Engineering  Education  Activities  of 
the  Department  of  Defense.  For  the  Committees  on  Armed  Services,  United  States 
Congress.  Washington,  DC,  March  1990.  A  copy  of  this  report  is  included  as 
Appendix  G. 

^A  complete  program  description  of  each  of  the  32  programs  selected  is  included  in 
Appendix  B. 
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♦  Very  small  programs  (fewer  than  10  participants  annually).  Generally,  we 
tried  to  screen  out  small  programs  because  it  would  be  more  difficult  to 
draw  powerful  conclusions  from  such  a  group. 

♦  Evening  tuition  assistance  programs  for  staff  members  (it  is  very  difficult  to 
evaluate  these  kinds  of  programs  because  of  their  unlimited  variability, 
including  the  many  different  educational  objectives  followed  by 
participants). 

♦  Career  development/enrichment  programs  that  are  not  primarily 
S&E-directed.  (Some  such  programs,  for  example,  encouraged  S&E  staff 
members  to  become  managers.) 

♦  Programs  conducted  in  a  highly  classified  setting.  (The  National  Security 
Agency  reported  several  potentially  attractive  S&E  intervention  programs. 
For  reasons  of  security,  however,  we  could  not  have  access  to  personnel 
data.) 

It  was  also  desirable  to  select  programs  that  were  representative  across  the 
three  Military  Departments  and  the  Defense  agencies,  as  well  as  representative 
within  the  four  levels  of  academic  achievement:  pre-college,  undergraduate, 
graduate,  and  postdoctoral.  Although  some  of  these  criteria  are  subjective,  the 
resulting  selections  accurately  represent  the  entire  list  of  programs  reported  to 
Congress  in  March  1990.  The  distribution  of  the  final  32  programs  selected  is 
shown  in  Table  4-2. 

Table  4-2. 

Distribution  of  Final  Sample  of  S&E  Intervention  Programs 


Educational  level 

Army 

Navy 

Air  Force 

Other 

Total 

Precollege 

4 

4 

1 

1(DMA) 

10 

Undergraduate 

1 

5 

1 

0 

7 

Graduate 

0 

2 

4 

0 

6 

Postdoctoral/faculty 

2 

3 

3 

1  (NRC) 

9 

Total 

7 

14 

9 

2 

32 

Note:  The  NRC  program,  reportecd  by  a  total  of  seven  DoD  organizations,  is  counted  here  as  a  single 
program  and  discussed  in  the  text  of  the  report  as  a  single  program. 
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Definition  of  Science  and  Engineering 
Intervention  Programs 


Program  administrators  do  not  always  agree  on  the  meaning  or  objectives  of 
science  and  engineering  intervention  programs.  As  a  result  of  our  work  on  this 
study,  the  following  working  definition  has  evolved.  We  commend  it  to  other 
researchers  in  the  field. 

Any  of  a  range  of  specific  educational  programs  —  some  established  through 
civilian  or  military  personnel  channels  and  some  through  research  and 
development  channels  —  whose  principal  focus  and  objective  is  to  increase  the 
numbers  or  quality  of  scientists  or  engineers  within  the  United  States. 


Objectives  and  Effects  of  Intervention  Programs 

As  stated  in  DoD's  report  to  Congress,  the  objectives  of  these  programs  are 
very  broad.  That  breadth 

. . .  identifies  the  fact  that  the  Department  of  Defense  supports  a  wide  variety  of 
programs  which  involve  science  and  engineering  education  either  directly, 
such  as  fellowship  support  for  students  or  tuition  payments  for  employee 
training,  or  indirectly,  such  as  work  experience  in  DoD  laboratories  or  by 
research  performed  on  DoD  grants  to  universities.^ 

Most  of  DoD's  science  and  engineering  intervention  programs  are  intended 
to  increase  the  supply  of  competent  scientists  and  engineers  within  the  United 
States.  These  programs  have  their  first  impact  upon  the  S&E  pipeline  at  the 
point  where  the  intervention  occurs,  but  their  effect  continues  "downstream"  as 
well.  Examples  are  the  intervention  programs  that  increase  the  supply  of  high 
school  students  interested  in  pursuing  science  or  engineering  curricula  in 
college.  These  programs  have  a  potentially  dramatic  effect  on  the  size  of  the 
pipeline  from  high  school  onward,  even  ttiough  the  population  of  the  pipeline 
pool  inevitably  shrinks  as  the  students  move  through  the  successive  stages  of 
academic  life. 

Intervention  programs  that  focus  on  the  transitions  or  gaps  in  the 
process  also  can  have  positive  results,  because  of  the  number  of  science  and 
engineering  students  that  fall  away  at  these  critical  transition  points. 
Intervention  programs  aimed  at  rescuing  lower-division  college  rmdergraduates 
from  early  attrition  in  tough  introductory  S&E  courses  can  also  pay  significant 
dividends  in  raising  tibe  "ihroughput  rate"  in  that  portion  of  Ihe  pipeline, 
because  without  an  intervention  of  some  kind,  a  number  of  future  scientists  and 
engineers  are  lost  to  other  disciplines.  Intervention  efforts  aimed  at 
upper-division  (junior  and  senior)  students,  however,  probably  have  a  smaller 
effect  on  the  quantity  of  S&E  graduates  than  programs  whose  effect  on  the 
pipeline  begins  earlier. 

*  Department  of  Defense,  p.  9. 
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In  graduate  school,  where  intervention  programs  are  more  costly  on  a 
per-student  basis,  many  effective  interventions  are  related  to  concomitant 
employment  conditions  and  agreements.  For  postdoctoral  fellows,  faculty 
researchers,  and  similarly  experienced  personnel,  the  effect  of  intervention 
programs  is  more  likely  to  be  an  increase  in  quality  than  an  increase  in  quantity. 
These  programs  are  of  additional  value,  of  course,  because  they  initiate  or 
continue  research  in  areas  of  vital  interest  to  DoD. 

Many  intervention  programs  have  secondary  objectives  as  well.  These 
include  recruiting  for  the  DoD  workforce,  retaining  current  qualified  employees, 
interchanging  technical  information  between  academia  and  DoD  laboratories, 
and  improving  good  will  for  DoD.  The  proposed  definition  focuses  on  the 
principal  objective  of  intervention  programs:  to  increase  the  number  of  qualified 
scientists  and  engineers,  and  to  improve  the  quality  of  the  current  S&E  work 
force  in  the  United  States. 

The  32  programs  selected  for  final  review  reflect  the  full  range  of  objectives 
discussed  above,  but  all  have  the  principal  objective  of  increasing  numbers 
and/or  quality.  It  is  instructive  to  review  a  sample  of  those  objectives  as 
articulated  by  the  implementing  office  involved.  Each  program  is  described 
fully  in  Appendix  B,  including  a  complete  listing  of  all  the  objectives  listed  by 
the  office  managing  the  programs. 


Pre-College  Program  Sample  Objectives 

♦  To  stimulate  interest  of  outstanding  high  school  students  in  pursuing 
careers  in  science  and  engineering  by  allowing  them  to  work  on  technical 
projects  in  an  Air  Force  laboratory  enviromnent. 

♦  To  better  prepare  a  larger  pool  of  minority  students  for  entry  into,  and 
graduation  from,  schools  of  engineering. 

♦  To  identify  high-achieving  high  school  and  middle  school  students  with 
potential  and  interest  in  becoming  engineers  and  scientists  and  to  reinforce 
them  in  die  pursuit  of  these  fields. 

♦  To  interest  local  high  school  students  in  science  and  engineering  professions 
and  the  Navy  as  a  potential  employer. 

♦  To  stimulate  and  encourage  the  future  technical  development  of  our 
nation's  youth. 


Undergraduate  Program  Sample  Objectives 

♦  To  provide  an  effective  recruiting  source  to  meet  long-range  science  and 
engineering  staffing  goals .... 
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♦  To  provide  [this  laboratory]  with  a  contmuing  source  of  entry-level 
engineers  and  scientists. 

♦  To  provide  superior  students  with  a  unique  plan  for  earning  money  needed 
for  college  as  well  as  a  chance  to  learn  about  their  chosen  careers  through 
related  work  experience  and  study. 

♦  To  supplement  the  laboratory's  subprofessional  staff  in  support  of  the  Fleet 
and  to  encourage  students  to  seek  permanent  employment  upon 
graduation .... 

♦  To  increase  the  numbers  and  quality  of  minority  college  students  in  S&E 
with  a  long-term  goal  to  equip  students  with  [the]  academic  foundation  to 
pursue  successful  graduate  study  in  critical  S&E  needs. 

♦  To  provide  for  the  integration  of  academic  studies  and  Federal  work 
experience .... 


Graduate  Prograra  Sample  Objectives 

♦  To  increase  the  pool  of  U.S.  scientists  and  engineers  equipped  at  the 
doctoral  level  to  address  aero  propulsion  technology. 

♦  To  attract  and  retain  a  cadre  of  high-quality  employees  by  recruiting  top 
graduates,  retaining  outstanding  performers  and  increasing  productivity  of 
in-house  personnel. 

♦  To  provide  opportunities  for  competitively-selected  employees  to  acquire 
critical,  urgently  required,  graduate  level  state-of-the  art  skills  and 
knowledge  in  areas  essential  to  accomplishment  of  [this  center's]  mission. 

♦  To  provide  graduate  students  a  means  to  participate  in  research  at  an  Air 
Force  laboratory,  to  further  the  research  objectives  of  the  United  States  Air 
Force .... 


Postdoctoral  Program  Sample  Objectives 

♦  To  develop  the  basis  for  continuing  research  of  interest  to  the  Air  Force  at 
the  faculty  member's  academic  institution,  to  stimulate  continuing  relations 
among  faculty  members  and  their  professional  peers  in  the  Air  Force,  and  to 
enhance  the  research  interests  and  capabilities  of  scientific  and  engineering 
educators  in  scientific  areas  of  interest  to  the  Air  Force. 

♦  To  encourage  continued  research  and  study,  by  recent  postdoctoral  students 
in  defense-critical  areas. 


4-6 


♦  To  provide  postdoctoral  scientists  and  engineers  of  unusual  promise  and 
ability  opportunities  for  research  on  problems,  largely  of  their  own  choice, 
that  are  compatible  with  the  research  interests  of  the  sponsoring  DoD 
laboratories .... 

♦  To  increase  the  involvement  of  highly-trained  scientists  and  engineers  in 
disciplines  to  meet  the  evolving  needs  of  naval  technology. 

These  objectives  —  as  well  as  those  of  programs  not  hsted  —  are  broad, 
challenging,  even  lofty.  They  are  also  imprecise.  We  originally  intended  to 
assess  how  well  diese  programs  achieved  their  stated  objectives.  That  task  could 
not  be  accomplished,  however,  because  of  the  vagueness  of  the  objectives. 


Authority  for  the  Conduct  of  Intervention 
Programs 


The  DoD  has  at  its  disposal  a  broad  range  of  legal  and  regulatory  authorities 
to  conduct  its  S&E  intervention  programs.  They  range  from  narrow  authority 
designed  for  a  single  purpose  to  very  general  authorities  that  can  be  used  for, 
among  other  things,  recruiting  and  hiring  scientists  and  engineers.  Appendix  D 
contains  a  comprehensive  list  of  the  legal  and  regulatory  authorities. 


Costs  of  Science  and  Engineering  Intervention 
Programs 


Data  provided  by  the  Military  Services  and  Defense  agencies  in  response  to 
the  OSD  request  of  10  October  1989  showed  that  approximately  $340  million  had 
been  spent  in  FY89  on  the  intervention  programs  reported.  Detailed  cost  data 
are  presented  in  the  DoD  report  of  March  1990,  included  in  this  report  as 
Appendix  G. 

Our  review  of  the  32-program  sample  of  intervention  programs  included  a 
review  of  program  costs  with  each  program  manager.  Data  from  those 
interviews  generally  support  the  reported  costs  in  detail.  The  costs  associated 
with  programs  in  the  sample  are  outlined  in  some  detail  in  Appendix  B. 

Chapter  5  presents  the  results  of  our  review  of  the  32  S&E  intervention 
programs.  Those  restdts  form  the  foundation  of  our  recommendations  on  how 
DoD  can  use  and  manage  these  programs  more  effectively.  We  present  those 
recommendations  in  Chapter  6. 
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Chapter  5 

Results  of  the  Review 


Introduction 

In  Chapter  4  we  described  the  formal  objectives  of  DoD's  educational 
intervention  programs  for  scientists  and  engineers.  We  also  followed  the 
32-program  sample  selection  process  used  for  the  present  project,  because  from 
the  outset  it  was  clear  that  we  needed  to  focus  upon  as  representative  a  set  of 
programs  as  possible  if  we  were  to  produce  powerful  and  helpful  assessments. 
This  chapter  is  the  story  of  what  we  found. 


Developmental  Tasks 


In  order  to  better  understand  the  relative  effect  of  any  of  DoD's  intervention 
programs  on  individual  students  in  science  and  engineering,  we  identify  three 
overarching  and  related  developmental  tasks  tihat  students  accomplish  as  they 
move  along: 

1.  First,  they  develop  interest  and  abilities  in  the  scientific  method;  in  the 
increasingly  difficult  mathematical  tools  to  be  used  in  their  future  careers; 
and,  finally,  in  the  study  of  how  things  work,  of  why  events  occur  as  they 
do,  and  of  the  way  existence  fits  together.  This  accomplishment  creates  a 
pool  of  students  who  are  academically  able  and  interested  in  further  study 
of  science  and  engineering  and  ultimately  in  science  and  engineering 
careers. 

2.  Some  students  then  complete  the  academic  preparation  of  the  baccalaureate 
programs  peculiar  to  scientists  and  engineers.  Achievement  of  this  task 
results  in  a  pool  of  entry-level  scientists  and  engineers  more  or  less  adequate 
to  meet  the  demand  for  specialists  with  these  qualifications. 

3.  Finally,  some  move  on  through  graduate  degree  programs  thereby 
increasing  the  quality  of  the  existing  (baccalaureate)  pool  of  scientists  and 
engineers.  Others  pursue  research  experience. 

Accomplishment  of  these  tasks  begins  in  elementary  school,  continues  in 
secondary  school,  and  stretches  through  undergraduate  and  then  graduate 
study.  It  culminates  in  academic  degrees  up  to  the  doctorate  (for  some,  in 
professional  registration,  licensure,  or  certification).  Continuing  study  related  to 
research  opportunities  permits  further  development  for  a  few  S&E  professionals. 
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These  tasks  are  not  always  accomplished  in  sequence.  Some  are  interrupted 
by  part-time  work,  full-time  work,  or  by  alternating  periods  of  study  and  work. 
The  development  of  experienced  scientists  and  engineers  therefore  represents  a 
continuum  that  starts  early  and  contains  several  phases  and  transition  points.  If 
they  are  to  be  successful,  intervention  programs  must  be  tailored  with  care  for 
students  involved  in  a  specific  phase,  or  the  programs  should  be  designed  to 
help  in  furnishing  assurance  to  capable  students  that  they  can  pass  successfully 
from  one  phase  to  another.  Large  numbers  of  losses  are  now  occurring  at  these 
transitions  or  gaps  between  phases. 

Figure  5-1  displays  our  concept  of  this  continuum  and  the  interrelationships 
among  developmental  tasks,  educational  phases,  and  representative  t5rpes  of 
intervention  programs  now  conducted  within  DoD 


Relationships  Among  Programs 

A  closer  examination  of  DoD's  intervention  activities  permits  an  observer  to 
infer  some  general  relationships  and  developmental  processes  among  the 
100-plus  programs  themselves.  Those  relationships  are  depicted  graphically  in 
Figure  5-2.  All  DoD  programs  in  this  area  are  committed  to  the  general, 
foundational  purpose  of  increasing  the  quantity  or  quality  of  scientists  and 
engineers  in  the  United  States.  Some  of  the  programs  and  activities  are  shown 
standing  early  and  alone,  apart  from  the  school-related  activities  that  follow. 
Apart  from  these,  however,  the  S&E  intervention  programs  of  DoD  flow 
inexorably  into  one  another  throughout  all  phases  of  educational  development. 
Communication  is  not  particularly  good  among  the  programs,  although  a 
number  of  program  directors  and  administrators  are  acquainted  with  one 
another.  But  program  objectives  and  purposes  seem  to  be  blended  in  the  ways 
shown  in  Figure  5-2.  The  programs  naturally  operate  to  achieve  their  own 
objectives,  though  few  of  these  objectives  are  articulated  with  precision,  even 
within  the  programs  themselves.  We  have  shown  four  major  or  primary 
objectives  that  can  be  said  to  represent  any  of  the  programs  or  activities 
conducted  within  DoD.  In  addition,  however.  Figure  5-2  displays  seven  lesser  or 
secondary  objectives  characteristic  of  many  of  the  programs.  In  most  cases,  these 
goals  were  inferred  through  discussions  with  directors  and  the  review  of 
program  activities. 

As  high  school  students  start  taking  courses  as  prerequisites  for  college,  and 
as  some  of  these  students  become  involved  in  some  of  the  DoD-sponsored  high 
school  apprenticeship  or  educational  programs,  DoD's  interest  in  the  students' 
potential  increases.  These  students  represent  not  only  possible  future  scientists 
and  engineers  as  part  of  the  nation's  pool,  they  also  represent  possible  future 
employees  or  researchers  for  DoD  as  well.  Therefore,  the  intervention  programs 
applying  to  the  pre-college  and  undergraduate  phases  of  education  and  work 
produce  some  of  their  most  important  results  in  the  recruiting  of  qualified 
scientists  and  engineers  for  the  DoD  work  force,  either  as  employees  or  as 
contract  researchers.  Later,  once  recruiting  efforts  have  been  successful,  other 
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Increase  quantity  and  quality  of  scientists  and  engineers  in  the  United  States 


•  Encourage  capable  youth  studying  mathematics  and  science  •  Provide  hands-on  work 
experience  •  Interest  the  “could-and-should'"  group  •  Attract  women  and  members  of 
underrepresented  minorities  -  Provide  "bridges"  or  carryover  links  between  educational 
stages  •  Provide  advanced  education  and  professional  enrichment  for  S&E  employees 

•  Exchange  ideas  and  experience  between  DoD  scientists  and  engineers  and  their 
academic  counterparts 
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DoD  Science  and  Engineering  Intervention  Program  Relationships 


intervention  programs  related  to  some  xmdergraduate  programs  and  to 
manyapplying  to  the  pre-college  and  undergraduate  phases  of  education  and 
workproduce  some  of  their  most  important  results  in  the  recruiting  of  qualified 
scientists  and  engineers  for  the  DoD  work  force,  either  as  employees  or  as 
contract  researchers.  Later,  once  recruiting  efforts  have  been  successful,  other 
intervention  programs  related  to  some  imdergraduate  programs  and  to  many 
graduate  study  programs  act  to  help  retain  the  program  participants  as  DoD 
workers. 

DoD  often  purchases  research  effort  or  research  products  from  individuals. 
The  resulting  contracts  are  sometimes  called  fellowships  or  associateships  and 
are  commonly  considered  S&E  intervention  programs  by  their  sponsors.  The 
programs  typically  bring  about  a  lively  exchange  of  ideas  and  techniques 
between  the  researcher  (who  is  often  a  postdoctoral  or  faculty  fellow)  and  any 
DoD  laboratory  or  other  research  employees  who  are  involved  in  the  work.  In 
these  cases,  the  work  product  or  effort  is  the  primary  or  announced  objective  of 
DoD  sponsorship,  but  the  accompanying  benefit  to  DoD  local  work  cannot  be 
ignored.  The  individuals  attracted  to  these  kinds  of  arrangements  with  DoD 
may  or  may  not  have  worked  with  (or  for)  DoD  before.  They  become  potential 
future  employees  and  potential  future  contract  investigators  because  of  their 
DoD  interest  at  this  point  in  their  careers. 
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Program  Objectives 

The  overt  objectives  of  most  of  the  intervention  programs  are  to  recruit,  to 
retain,  or  to  purchase  research.  In  addition,  however,  we  note  several  other, 
often  unstated,  secondary  objectives.  These  important  objectives  include,  but  are 
not  limited  to,  the  following: 

1.  Encourage  capable  youth  stud5dng  science  and  mathematics  subjects. 

2.  Provide  hands-on  work  experience. 

3.  Interest  and  motivate  the  "could  and  should"  group  of  talented  students 
who  may  not  be  displaying  their  academic  abilities  fully. 

4.  Attract  members  of  imderrepresented  minorities  and  women  to  the  study  of 
science  and  engineering. 

5.  Bridge  the  gaps  between  educational  phases  with  encouragement  and 
continuing  contact  for  students. 

6.  Provide  advanced  education  and  professional  enrichment  for  S&E 
employees  of  DoD. 

7.  Exchange  ideas  and  experience  between  DoD  scientists  and  engineers  and 
their  academic  counterparts. 

From  another  perspective,  these  objectives  can  be  seen  as  interlocking  or 
overlapping  circles,  as  shown  in  Figure  5-3. 


/ 

/ 

/ 

I 

\ 

\ 
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Figure  5-3. 

Science  and  Engineering  Intervention  Program  Objectives 
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The  programs  with  "general"  or  truly  broad  objectives  include  those  that 
emphasize  interest  in  and  exposure  to  scientific  or  engineering  careers.  These 
programs  include  science  fairs,  science  awards,  symposia,  student  research 
papers,  and  tours  of  laboratories  and  other  research  activities.  Continuing 
education  programs  like  part-time  or  evening  tuition  programs  (where  some 
uncertainty  over  the  educational  goals  of  the  participants  exists)  are  also 
included.  All  of  these  programs  are  not  focused  primarily  on  scientific  and 
engineering  education.  They  all  have  other,  more  general  objectives,  in  our 
opinion. 

The  primary  objectives  of  all  the  rest  of  the  S&E  programs  reviewed  overlap 
with  one  another.  They  all  involve  recruiting,  retention,  or  research.  The 
sponsorship  of  contract  research,  for  example,  does  not  simply  produce  a 
research  product  usable  to  the  sponsor.  It  also  encourages  and  supports  men 
and  women  who  are  furthering  their  own  knowledge  of  the  sciences  or  of  the 
engineering  fields.  In  addition,  these  activities  provide  for  an  interchange  of 
technical  information  with  DoD  staff  members.  In  many  secondary  ways  this 
research  can  result  in  enlargement  of  the  S&E  pool.  Of  course,  relevant  research 
of  high  quality  can  also  result  in  increased  retention  of  current  employees,  and  it 
can  produce  increased  attraction  by  quality  scientific  and  engineering  recruits  to 
the  local  work  force. 

Many  of  the  same  things  can  be  said  of  other  types  of  programs,  such  as 
some  high  school  apprenticeship  programs.  In  this  case,  hands-on  research 
work  in  DoD  and  university  laboratories  provides  some  research  products  and 
research  support.  It  further  retains  young  persons  in  (or  attracts  young  persons 
to)  the  S&E  pipeline,  and  it  can  result  in  future  employees  or  researchers  for 
DoD. 

These  interrelationships  of  recruiting,  retention,  and  research  seem  to 
provide  the  basis  for  most  of  the  S&E  intervention  programs  within  the  DoD. 
Without  at  least  one  of  these  primary  objectives,  supported  by  one  or  more  of  the 
secondary  objectives  we  have  discussed,  the  program  would  fall  outside  the 
working  definition  of  intervention  programs  suggested  in  Chapter  4. 


Program  Evaluation  Criteria 

The  evaluation  of  DoD's  educational  intervention  programs  for  scientists 
and  engineers  can  be  summarized  first  by  two  simple  questions: 

1.  Are  the  programs  effective  in  encouraging  (a)  entrance  into  science  and 
engineering  study  or  (b)  persistence  in  those  fields,  once  entered? 

2.  Do  the  programs  contribute  measurably  to  DoD's  scientific  and  engineering 
work  force? 
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To  address  these  two  questions  in  detail,  the  following  program  evaluation 
criteria  were  developed  and  used  to  assess  each  of  the  32  selected  programs. 

♦  Documentation.  How  extensive  is  the  documentation  of  the  program?  How 
precise  is  that  documentation? 

♦  Objectives.  How  clearly  are  the  program's  objectives  stated?  Can  the 
achievement  of  those  objectives  be  measured  quantitatively? 

♦  Management  Plans.  How  thorough  are  the  program's  management  plans? 
Are  they  followed  in  practice? 

♦  Participants.  What  criteria  are  used  for  selecting  program  participants? 
How  complete  are  the  data  relating  to  selection? 

♦  Measures  of  effectiveness.  Does  the  program  have  established  measures  of 
program  efficacy?  To  what  extent  are  those  measures  plausible? 

♦  Costs.  What  are  the  (annual  and  per-participant)  costs  of  the  program? 

Assessment  of  DoD's  S&E  intervention  programs  was  accomplished 
through  visits  to  program  directors  or  administrative  managers  of  the 
32  programs.  We  reviewed  each  program  in  the  light  of  the  above  criteria.  In 
the  paragraphs  that  follow,  the  programs  will  be  discussed  according  to  the 
following  groupings:  pre-college,  undergraduate,  graduate,  and  postdoctoral. 
Within  each  group,  the  programs  are  discussed  in  clusters  according  to  type  of 
program  (e.g.,  S&E  interest-producing  events,  apprenticeship  programs, 
cooperative  education  programs,  and  grant  programs). 


Characteristics  of  the  Sample  Programs 

Pre-College  Programs 

Pre-college  programs  take  on  one  of  three  characteristics: 

♦  Interest-producing  events  or  ceremonies,  including  fairs,  awards,  s5anposia, 
presentation  of  papers,  visits,  and  tours, 

♦  Apprenticeship  programs,  which  include  hands-on  work  at  either 
Government  or  university  laboratories  under  the  support  or  guidance  of  a 
designated  mentor  or  supervisor,  or 

♦  Academic  preparation,  such  as  remedial  education,  preparatory  education, 
and  orientations  and  lectures. 
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Interest-Producing  Events 


This  group  of  programs  involves  science  fairs,  science  awards,  scientific  and 
engineering  symposia,  and  demonstrations.  Typically,  these  efforts  are  directed 
toward  junior  and  senior  high  school  students;  they  also  sometimes  feature 
members  of  underrepresented  minorities,  women,  or  gifted  students.  Student 
participants  are  not  employed  by  the  Federal  government  in  any  way.  The  DoD 
typically  provides  only  encouragement,  support,  and  prizes  for  these  programs. 
At  the  science  fairs,  for  example,  volunteer  counselors,  judges,  and  experts  (who 
may  be  military  members  or  DoD  civilian  scientists  or  engineers),  are  made 
available  to  help  manage  the  event,  to  judge  entries,  and  to  award  prizes 
provided  by  DoD.  For  demonstrations,  DoD  volunteer  researchers  conduct 
certain  scientific  or  engineering  experiments  or  displays  before  groups  of 
visitors.  DoD  involvement  for  all  these  programs  t5rpically  consists  of  volunteer 
manpower  plus  some  logistics  and  support  funds,  including  the  purchase  of 
prizes  and  awards. 

These  programs  aid  in  stimulating  interest  in  science  and  engineering  and  in 
building  good  will  for  DoD.  There  is  normally  no  attempt  to  follow  these 
students  (even  those  winning  prizes)  to  further  encourage  their  entrance  into 
science  and  engineering  college  curricula  or  to  encourage  them  to  participate  in 
apprenticeship  programs,  or  in  cooperative  work/study  programs  or  ROTC 
programs  during  their  college  years. 

Relatively  little  money  is  spent  on  these  programs,  although  the  Navy  does 
offer  scholarships  to  some  of  these  students.  These  types  of  programs  do  not 
provide  long-term  encouragement  because  they  normally  do  not  provide  a 
mentor  or  "exemplar"  or  any  other  source  of  continuing,  year-round  contact 
with  students.  The  efficacy  of  these  programs  is  simply  unknown.  We  know  of 
no  longitudinal  studies  to  determine  whether  the  programs  produce  measurable 
increases  in  the  ranks  of  scientists  and  engineers.  DoD's  role  in  supporting 
activities  like  science  fairs  is  good  public  relations  work.  Along  with  those  of  the 
other  agencies  and  organizations  providing  support,  the  DoD  efforts  will 
undoubtedly  continue. 


Apprenticeship  Prcx;rams 

This  group  of  programs  provides  high  school  and  college  students  with 
work  experience  (normally  during  summer  vacations)  assisting  Government  or 
rmiversity  technical  employees.  Some  provide  special  courses  to  prepare 
students  for  college-level  scientific  or  engineering  study.  In  some  programs, 
students  are  employed  as  temporary  Federal  civilian  employees;  in  others,  they 
are  employed  by  a  contractor  who  pays  the  students  and  arranges  for  their  work 
in  DoD  or  university  laboratories. 

These  are  hands-on,  work-related  programs  in  which  the  student  is  typically 
assigned  to  a  mentor.  In  some  of  these  programs,  the  mentor  retains  contact 
with  the  student  during  the  ensuing  academic  year,  offering  advice  and  further 
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encouragement  to  go  on  into  science  and  engineering  study  when  in  college.  For 
all  students  —  but  especially  important  for  economically  disadvantaged 
students  —  the  stipend  offered  during  the  sunamer  program  provides  financial 
aid  that  can  be  used  for  college-related  expenses. 

Apprenticeship  programs  are  now  widely  used  throughout  the  DoD 
laboratory  system.  In  addition,  the  Army  and  Navy  have  expanded  their 
respective  programs  to  college  campuses  where  academically  able  minority 
students  are  provided  work/ study  experience. 

Laboratory  personnel  often  support  these  programs  enthusiastically.  This 
enthusiasm  sometimes  leads  the  participating  laboratory  to  provide  additional 
funds  to  enrich  its  own  local  program.  In  that  way,  more  apprenticeships  can  be 
provided  than  the  central  funding  authority  could  otherwise  support. 


Academic  Preparation  Programs 


These  programs  are  limited  to  providing  academic  instruction  to 
participants  to  help  prepare  them  academically  to  pursue  an  S&E  curriculum  in 
college.  A  few  programs  provide  only  remedial  or  "catch-up"  instruction,  while 
others  are  careful  to  select  academically  promising  students  at  the  outset;  they 
then  provide  enriching,  advanced  instruction.  Some  program  managers  have 
little  trouble  finding  academically  able  students,  including  minority  and  female 
students. 


Undergraduate  Programs 

The  several  variations  of  undergraduate  programs  reviewed  are  designed  to 
encourage  even  more  students  to  become  scientists  or  engineers.  They  may  be 
divided  into  the  following  categories: 

♦  ROTC  scholarship  programs 

♦  Cooperative  education  programs 

♦  Employee  study  programs 

♦  Summer  emplo5Tnent  programs 

♦  Historically  black  colleges  and  imiversities  (HBCU)  and  minority 
institutions  (MI)  programs. 
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ROTC  Programs 


ROTC  programs  support  large  numbers  of  baccalaureate-level  science  and 
engineering  graduates.  Scholarships  are  offered,  with  a  large  percentage  of 
scholarships  annually  awarded  to  persons  pursuing  S&E  curricula.  ROTC  is 
offered  by  each  of  the  Military  Departments:  Army,  Navy,  and  Air  Force.  Some 
prospective  Marine  Corps  officers  participate  in  the  Naval  ROTC  program. 
ROTC  graduates  must  serve  in  the  armed  forces  for  at  least  four  years.  Some  are 
assigned  to  the  active  forces  while  others,  principally  in  the  Army,  serve  only  as 
members  of  the  reserve  forces. 

The  Army  is  now  conducting  a  unique  ROTC-related  program  for  some 
vmderpaduate  students  majoring  in  S&E  fields.  If  interested  and  qualified, 
participants  are  offered  special  student  stipends  in  return  for  completing  the 
ROTC  curriculum  and  serving  several  years  following  graduation  in  the  Army 
Reserve  or  Army  National  Guard,  while  simultaneously  accepting  employment 
in  the  appropriate  scientific  or  engineering  field  at  a  specific  Army  laboratory. 
The  individual  student  arrangements  for  this  program  are  made  between  the 
participating  laboratory  and  the  student's  college  or  university,  with 
coordination  through  the  Cadet  Command  of  the  Army's  Training  and  Doctrine 
Command.  Some  laboratory  work  during  the  student's  vacations  is  also 
required. 


Cooperative  Education  Programs  (COOP) 

Traditional  collegiate  COOP  programs^  are  focused  upon  agreements 
between  the  employing  organization  and  the  college.  These  typically  call  for  a 
specified  curriculum,  an  alternating  work/study  cycle  (often  one  semester  at  a 
time),  and  the  promise  of  a  job  within  the  organization  after  completion  of  a 
baccalaureate  program  in  the  agreed  curriculum.  Today  many  variations  of  this 
kind  of  program  exist.  They  permit  reduced  work  periods, 
work-with-simultaneous-academic-study,  five-year  programs,  and  even  six-year 
programs.  Overall,  they  offer  broad,  powerful,  and  flexible  incentives  for 
channeling  undergraduate  students  into  S&E  curricula.  These  programs  are  also 
a  rich  source  for  Government  employees  in  the  S&E  fields,  and  they  are  also 
used  successfully  for  encouraging  members  of  underrepresented  minorities  and 
females  to  complete  S&E  curricula. 


Undergraduate  Study  Programs  for  DoD  Employees 

Employees  of  the  Federal  government  may  be  given  assistance  in  pursuing 
imdergraduate  study  while  retaining  employment.  This  can  involve  either 
part-time  or  full-time  study.  Full-time  programs  provide  for  continuation  of 
salary  plus  tuition  and  other  educational  expenses  and  can  be  used  for  one  year 
at  a  time.  Emplo5Tnent  payback  time,  at  the  rate  of  three  years'  employment  for 

'See  Title  5,  U.S.C.,  Chapter  41,  and  Code  of  Federal  Regulations,  Title  5,  Part  213, 
Section  3202  (5  CFR  213.3202). 
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each  year  of  full-time  study,  is  required  for  participation  in  these  programs. 
While  these  programs  are  popular  where  they  are  offered,  full-time  study  is  used 
more  often  for  graduate  study,  as  described  in  a  later  section  of  this  chapter. 

These  undergraduate  programs  have  several  distinct  benefits.  They  help 
increase  the  supply  of  baccalaureate-level  scientists  and  engineers  through  the 
educational  upgrading  of  members  of  the  technical  staff.  They  also  serve  as 
retention  programs  for  the  most  capable  and  aggressive  subprofessional 
employees.  Finally,  they  provide  one  means  for  members  of  underrepresented 
minorities  and  female  employees  of  the  laboratories  to  complete  degree 
programs  in  science  and  engineering. 


Summer  Employment  Programs 

College  students  can  be  hired  by  the  government  for  summer  work 
programs.  Students  are  temporary  employees  (excepted  service.  Schedule  A) 
and  are  limited  by  law  to  a  maximum  of  1,040  hours  of  this  kind  of  work  per 
year.  There  are,  however,  only  a  limited  number  of  organized  programs  for 
encouraging  and  assisting  college  students  already  embarked  upon 
undergraduate  curricula  in  science  and  engineering.  For  students  who  will  not 
or  cannot  participate  in  ROTC  or  COOP  programs,  summer  (or  other  vacation) 
emplo5mient  is  a  very  important  source  of  experience  and  financial  assistance. 
Summer  employment  programs  are  not  organized  into  any  centrally-managed 
endeavor.  The  programs  do  not  employ  mentors,  as  do  the  best  high  school 
apprenticeship  programs  and  some  college  internship  and  work-study 
programs. 


Assistance  to  HBCU  and  MI 

These  programs  channel  financial  assistance  to  historically  black  colleges 
and  universities  to  enrich  and  assist  these  institutions,  "particularly  in  the  fields 
of  science  and  technology . . .  Some  accomplish  this  task  by  providing 
graduate  and  undergraduate  students  with  part-time  or  summer  employment 
positions  in  the  Federal  government.  Other  programs  concentrate  on  the 
improvement  of  the  educational  infrastructure  at  HBCUs  through  the  purchase 
of  new  equipment,  building  renovation  and  construction,  and  the  attraction  of 
high-quality  faculty  members  with  the  use  of  increased  funding.  Additionally, 
program  funds  are  used  to  assure  greater  access  to  science  and  engineering 
curricula  by  providing  financial  aid  to  needy  students.  Some  programs  are 
conducted  for  the  benefit  and  growth  of  MI  as  well  as  HBCU. 


^  Title  20,  U.S.C.,  Section  1060,  Congressional  Findings  and  Purposes,  (Codifies 
Executive  Order  No.  12677,  28  April  1989, 54  Fed.  Reg.  18869). 
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Graduate  Programs 

The  range  of  graduate  intervention  programs  is  very  similar  to  the  range  of 
undergraduate  programs,  except  that  ROTC  is  not  generally  available  to 
graduate  students,  while  fellowship  grants  are  not  often  available  for 
undergraduate  study.  The  graduate  programs  of  DoD  can  be  grouped  into  the 
following  broad  categories: 

♦  Cooperative  education  programs 

♦  Employee  study  programs 

♦  Summer  employment  programs 

♦  Research 

♦  Historically  black  colleges  and  universities  (HBCU)  and  minority 
institutions  (MI) 

♦  Grant  or  fellowship  programs. 


Cooperative  Education  Programs  (COOP) 

As  is  the  case  with  imdergraduate  programs  of  this  kind,  graduate  COOP 
programs  provide  a  work/ study  opportunity  for  assisting  graduate  students  in 
their  S&E  study.  Employees  can  alternate  work  and  study  in  a  very  flexible  way 
while  pursuing  graduate  curricula.  In  addition,  the  Air  Force  has  COOP 
programs  that  support  selected  graduate  students  who  alternate  work  at 
contractor  (not  just  DoD)  facilities.  The  COOP  programs  are  very  flexible;  they 
are  an  effective  means  of  increasing  the  S&E  supply  through  providing 
encouragement  and  support. 


Employee  Graduate  Study  Programs 

Employees  of  the  Federal  government  may  be  given  assistance  in  pursuing 
graduate  study  while  retaining  their  government  emplo5anent  status.  This  can 
be  accomplished  either  part-time  or  full-time.  Full-time  programs  provide  for 
continuation  of  salary  plus  tuition  and  other  educational  expenses.  Payback 
time,  at  the  rate  of  three  years'  additional  employment  for  each  year  of  full-time 
study,  is  required  for  participating  in  this  program.  Used  as  a  recruiting  device, 
these  programs  can  be  related  to  initial  employment  conditions  as  well,  such  as 
offering  advanced  educational  opportunities  at  the  outset  of  employment, 
followed  by  a  specified  number  of  years'  obligatory  employment  under  the 
payback  rule. 
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Summer  Employment  Programs 


Students  in  graduate  programs  may  be  hired  by  the  government  for  summer 
work.  These  students  are  temporary  employees  (excepted  service.  Schedule  A) 
and  are  limited  to  1,040  hours  of  work  per  year  as  a  maximum.  This  type  of 
employment  need  not  be  limited  to  the  summer  months.  Employed  students,  of 
course,  have  the  flexibility  to  work  the  1,040  hours  in  increments:  some  each 
week  or  briefly  full-time  during  a  fall,  winter  or  other  mid-year  break  from 
classes,  rather  than  simply  during  the  summer  months.  The  latter  schedule  is 
more  normally  associated  with  pre-college  or  with  undergraduate  students. 


Research  Programs 

Graduate  students  can  receive  research  grants  to  work  in  DoD  laboratories 
for  specified  periods  of  time,  either  with  a  Government  mentor  or  alongside  an 
outside  researcher  who  is  also  working  on  contract  research  in  a  DoD  laboratory. 
These  grants  or  fellowships  allow  graduate  students  to  earn  money  —  often 
during  the  summer  —  as  well  as  to  accomplish  research  under  a  more  senior 
investigator.  In  all  cases,  a  report  is  prepared  by  the  student  at  the  conclusion  of 
the  work.  The  report  is  provided  to  the  laboratory  involved. 


HBCU  AND  MI  Institutional  Programs 

Since  these  programs  are  focused  on  the  individual  institutions  of  higher 
education,  they  tend  to  benefit  both  imdergraduate  and  graduate  students  at  the 
college  or  university  receiving  the  help.  As  a  result,  we  do  not  distinguish 
between  undergraduate  and  graduate  programs  for  HBCUs  and  MI. 


Grant  or  Fellowship  Programs 

National  Defense  Science  and  Engineering  Grants  are  available  to  promising 
S&E  graduate  students.  These  grants  pay  a  stipend  plus  graduate  tuition 
expenses  for  up  to  three  years  to  assist  in  completing  M.S.  and  Ph.D.  programs. 
There  is  no  employment  requirement  for  these  grants.  The  course  work  must  be 
undertaken  in  technical  areas  of  interest  to  the  specific  Military  Service  or 
laboratory  providing  the  money  for  the  grant.  In  addition  to  encouraging 
increases  in  the  overall  supply  of  better-educated  scientists  and  engineers,  these 
programs  can  also  produce  alumni  who  eventually  work  as  contractors  or 
independent  researchers  on  other  problems  of  interest  to  DoD. 


Postdoctoral  Programs 

All  the  postdoctoral  programs  reviewed  involve  research.  DoD-sponsored 
research  must  have  some  relevance  to  the  departmental  missions.  Wi^n  these 
limitations  there  are  many  versions  of  postdoctoral  research  underway  at  this 
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time.  Many  programs  are  aimed  at  obtaining  needed  research  from  outside 
researchers  while  providing  opportunities  for  fruitful  interchanges  between 
military  laboratory  scientists  or  engineers  and  their  visiting  colleagues,  who  are 
often  employed  by  universities. 

Some  research  is  done  solely  at  DoD  laboratories  during  summer  months. 
Some  work  is  sponsored  for  as  much  as  3  years  of  full-time  effort.  A  program 
often  supports  a  researcher  who  is  accompanied  by  one  or  more  graduate 
students,  thereby  supporting  graduate  work  as  well  as  providing  the  students 
with  exposure  to  military  research.  Occasionally,  a  faculty  member  whose 
contract  specifies  research  work  performed  during  the  summer  months  is  not 
able  to  complete  in  one  summer  all  the  work  required.  The  researcher  is  then 
permitted  additional  time  to  complete  the  project  at  the  researcher's  university. 

Research  programs  also  provide  an  opportunity  to  recruit  relatively  jimior 
postdoctoral  personnel  for  DoD  employment.  Senior,  tenured  faculty  members 
are  not  often  attracted  to  government  employment,  but  their  graduate  students 
and  postdoctoral  fellows  occasionally  become  interested  in  pursuing 
government  research,  some  through  government  emplo3nnent. 

Some  of  these  programs  also  bring  high  school  faculty  members  into  the 
laboratories  to  do  research.  This  activity  naturally  introduces  them  to  military 
research  needs.  These  members  of  the  faculty  are  then  better  able  to  guide  and 
encourage  their  high  school  students  into  following  S&E  careers,  some  with  a 
DoD  orientation. 


The  Best  Programs 

Of  the  32  sample  S&E  intervention  programs  reviewed,  13  appear  to  be 
particularly  effective.  These  are  indeed  superior  on  the  basis  of 

♦  satisfying  the  evaluation  criteria  presented  earlier  in  this  chapter, 

♦  impressions  formed  during  on-sight  reviews  and  discussions  with  program 
directors, 

♦  the  noteworthy  dedication  and  inspirational  leadership  of  program  leaders, 
and 

♦  the  desirability  of  duplicating  or  expanding  these  efforts  elsewhere  in  DoD. 

Each  of  these  programs  operates  at  one  specific  level  within  the  educational 
process:  pre-college,  undergraduate,  graduate,  or  postdoctoral.  None  of  the 
programs  dealt  primarily  with  the  gaps  or  transitional  points  in  the  process. 
Finally,  none  of  these  exemplary  programs  tried  to  reduce  attrition,  during  the 
first  two  years  of  college,  from  the  ranks  of  students  pursuing  S&E  curricula. 
These  latter  areas  offer  opportunities  for  the  new  and  innovative  programs  of  the 
future. 
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The  13  best  programs  are  grouped  and  identified  below  by  educational 
level,  along  with  a  short  statement  of  the  outstanding  characteristics  of  each 
program.  Complete  program  descriptions  are  included  in  Appendix  B. 


Pre-College  Programs 

High  School  Apprenticeship  Programs  (HSAP) 

Several  high  school  apprenticeship  programs  operate  within  DoD.  Those 
we  evaluated  were  well  operated.  They  all  have  the  characteristics  of  providing 
hands-on  research  and  development  work  for  participants.  They  all  have 
mentors  assigned  to  each  participant.  In  some  cases  the  mentors  maintain 
contact  with  their  participants  throughout  the  academic  year. 

The  Army  and  Navy  cooperate  in  supporting  a  large  HSAP,  focused  on  the 
Washington,  D.C.  area,  called  the  Science  and  Engineering  Apprenticeship 
Program  (SEAP).  This  program,  imder  Navy  management,  involves 
approximately  700  high  school  students  at  laboratories  in  the  national  capital 
area.  The  program  includes  significant  female  and  minority  participation.  It 
also  targets  the  "could  and  should"  group  of  students  —  those  who  might  not 
persevere  in  S&E  without  the  encouragement  of  this  type  of  effort.  This  program 
also  employs  high  school  teachers  at  the  larger  laboratories  to  aid  in  managing 
the  student  program.  An  added  benefit  is  the  exposure  of  these  faculty  members 
to  Defense  research  and  development  work.  Contact  between  faculty 
participants  and  students  continues  during  the  academic  year. 

The  Air  Force,  which  launched  its  own  HSAP  as  recently  as  1985,  has 
moved  rapidly.  It  now  operates  an  effective  program  at  15  laboratories  across 
the  country.  Some  laboratory  commanders  and  staff  members,  initially 
skeptical,  have  developed  into  strong  supporters  of  the  program  and  have 
committed  local  resources  to  its  expansion. 

The  Army,  using  a  not-for-profit  contractor,  has  undertaken  a  different 
approach  to  the  HSAP.  This  program,  called  the  Research  and  Engineering 
Apprenticeship  Program  (REAP),  is  conducted  at  several  university  laboratories 
by  faculty  researchers  who  also  serve  as  mentors.  The  program,  located  in  areas 
of  significantly  high  minority  population,  targets  academically  able  students 
from  these  populations.  Many  of  the  participants  are  also  socially  and 
economically  disadvantaged.  This  program  demonstrates  the  availability  of 
impressive  numbers  of  academically  able  minority  students  who  can  benefit 
from  an  S&E  intervention  program  while  still  in  high  school. 
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Middle  School/High  School  Academic  Program 


The  Defense  Mapping  Agency  (DMA)  supports  a  novel  middle  school  and 
high  school  program  in  the  state  of  Texas,  called  the  Texas  Pre-freshman 
Engineering  Program  (TEXPREP).^  This  program,  operated  out  of  the  University 
of  Texas,  San  Antonio,  is  now  conducted  in  19  locations  throughout  Texas.  The 
program  consists  of  eight  weeks  of  rigorous,  college-preparatory  mathematics 
and  science  courses  conducted  during  three  sequential  summers.'*  Like  REAP, 
this  program  identifies  and  recruits  students  each  year  who  seem  academically 
able  to  pursue  S&E  curricula  in  college.  The  students  selected  (over  2,000  in 
1991)  have  already  demonstrated  academic  capabilities  in  high  school  courses, 
obtaining  a  minimum  of  a  "B"  average.  This  program  uses  recently-graduated 
Naval  and  Air  Force  Academy  officers  as  instructors  and  mentors  while  those 
officers  are  awaiting  their  first  military  assignments.  The  program  coordinator 
carefully  follows  program  graduates.  A  recent  survey  shows  that  89  percent 
attend  college;  of  that  number,  60  percent  are  majoring  in  science  or  engineering. 


Undergraduate  Programs 
Cooperative  Education  Programs  (COOP) 

A  variety  of  COOP  programs  are  now  conducted  throughout  the  Federal 
civilian  work  force.  One  of  these  programs,  at  the  Naval  Air  Development 
Center  (NADC),  is  particularly  impressive.  This  is  a  moderately  large  effort  for 
programs  of  this  type,  with  63  participants  (down  from  a  high  of  198  several 
years  ago).  The  program  receives  positive  management  support  within  NADC. 
Its  director  participates  in  a  Navy-wide  coordination  group  sponsored  by 
Headquarters,  United  States  Navy.  The  program  also  benefits  from  dedicated, 
aggressive  management.  The  NADC  civilian  personnel  office  will  be 
able  to  meet  most  of  its  Science  and  Engineering  annual  new-hire 
needs  —  approximately  75  employees  —  by  recruiting  NADC  COOP  graduates 
if  the  Center  is  able  to  rebuild  earlier  participation  levels.  The  reduced 
participation  is  caused  by  local  rules  flowing  from  a  newly-instituted 
"management  to  pa)u:oU"  policy  throughout  the  Navy.  NADC  data  show  that 
scientists  and  engineers  hired  through  the  NADC  COOP  program  remain  in 
government  service  at  slightly  higher  rates  than  those  hired  directly  through 
college  recruiting  procedures  (see  Appendix  F). 


^The  Defense  Mapping  Agency  is  only  one  of  almost  150  municipalities,  government 
agencies,  educational  institutions,  private  citizens,  and  private  companies  now  support¬ 
ing  TEXPREP  with  money  or  effort. 

*  A  recent  survey  shows  that,  since  its  inception  as  a  local  program  in  1979, 77  percent 
of  TEXPREP  participants  have  been  members  of  rmderrepresented  minorities  and 
49  percent  have  been  female. 
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Science  and  Engineering  Cooperative  Program  (ROTC) 


The  Army  initiated  a  novel  program  in  1984  involving  Reserve  Officer 
Training  Corps  (ROTC)  graduates  in  S&E  fields  who  go  on  to  serve  in  the  Army 
National  Guard  or  the  U.S.  Army  Reserve.  These  new  officers  are  not  sent  to 
active  duty  with  the  active  forces,  but  remain  in  the  reserve  forces  for  eight  years 
in  repayment  for  the  stipends  received  during  undergraduate  study.  By 
blending  a  version  of  the  regular  Army  civilian  COOP  program  with  the  Army 
ROTC  program,  however,  this  program  requires  its  participants  to  work  in  Army 
laboratories  during  summer  (and  other)  vacations  from  college  and  to  become 
full-time  employees  of  a  participating  Army  laboratory  as  scientists  or  engineers 
upon  graduation.  This  program  has  proven  successful  in  obtaining  additional 
civilian  S&E  employees  for  the  Army  while  aiding  undergraduate  students  to 
complete  their  studies  for  S&E  baccalaureates. 


Graduate  Programs 

Air  Force  Research  in  Aero  Propulsion  Technology  (AFRAPT)  Program 

This  program  amounts  to  a  cooperative  arrangement  to  support  graduate 
education  in  aero  propulsion,  a  field  of  interest  to  the  Air  Force.  Five 
universities  and  five  gas  turbine  engine  companies  cooperate  in  this  program.  A 
graduate  student  applies  to  the  Air  Force  to  study  in  this  field  and,  if  selected, 
enters  a  cooperative  work/study  program,  alternating  between  the  selected 
university  and  company  for  a  period  of  up  to  five  years  while  completing  work 
on  a  graduate  degree.  The  participant  receives  a  monthly  stipend  plus  full 
tuition  allowances.  This  program  not  only  increases  S&E  numbers  in  the  United 
States,  but  also  provides  personnel  capable  of  working  on  R&D  problems  of 
specific  interest  to  the  Air  Force. 


Air  Force  PALACE  ACQUIRE  and  PALACE  KNIGHT  Programs 

These  programs  are  a  combination  of  recruiting  and  educational  programs 
in  which  S&E  personnel  graduating  with  baccalaureate  degrees  are  offered 
Federal  employment  accompanied  by  an  Air  Force  commitment  for  future  paid 
graduate  education  in  return  for  further  continued  employment.  The  overall 
objective  of  these  programs  is  to  provide  "force  renewal"  of  the  Air  Force's  aging 
S&E  talent  base  over  the  next  decade.  The  PALACE  ACQUIRE  program 
promises  one  year  of  graduate  study  within  the  first  three  years  of  employment. 
The  PALACE  KNIGHT  program  promises  one  year  of  graduate  study  leading  to 
the  master's  degree  immediately  upon  hiring,  followed  by  two  additional  years 
of  graduate  study  toward  the  doctorate.  (These  after  three  more  years  of 
employment  in  the  Air  Force.)  The  Air  Force  sets  specific  enrollment  objectives 
for  each  year  in  both  programs.  Since  establishing  these  goals  in  1986,  the  Air 
Force  has  exceeded  every  annual  objective. 
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Air  Force  Graduate  Student  Research  Program  (GSRP) 


GSRP  is  linked  with  another  Air  Force  Office  of  Scientific  Research  program 
called  the  Summer  Faculty  Research  Program.  In  the  latter  program, 
150  university  research  faculty  members  are  invited  to  do  research  in  Air  Force 
laboratories  on  subjects  of  interest  to  the  Air  Force.  As  a  part  of  this  research 
program,  each  faculty  member  is  encouraged  to  invite  a  graduate  student  to  help 
in  the  research  effort.  If  the  faculty  member  does  not  select  a  qualified  graduate 
student,  the  Air  Force  suggests  candidates  from  other  sources.  The  objective  is 
to  aid  graduate  students  in  completing  their  studies  and  to  expose  the 
participants  to  Air  Force  needs  in  research.  In  addition,  the  Air  Force  receives 
high-quality  work  in  high-priority  research  areas. 


Navy  Graduate  Study  Award  Program  (GSAP) 

All  Federal  agencies  may  send  their  own  employees  to  college  —  for 
full-time  education  at  undergraduate  or  graduate  level  imder  the  authority  of 
Title  5,  U.S.C.,  Chapter  41,  and  the  Federal  Personnel  Manual,  Chapter  410.  The 
Naval  Air  Development  Center  manages  a  robust  program  of  selecting  their 
employees  for  graduate  education  in  science  and  engineering  fields  oriented 
toward  the  Center's  research  objectives.  By  aggressive  use  of  the  regulations 
that  apply,  and  by  obtaining  the  necessary  waivers  from  the  Federal  Office  of 
Personnel  Management,  NADC  is  able  to  send  a  number  of  its  employees  to 
universities  throughout  the  United  States  where  these  employee-students  pursue 
master's  and  doctoral  degrees  studies  in  S&E.  The  employee,  in  return,  makes  a 
commitment  for  continued  employment.  The  duration  of  that  commitment  is 
related  to  the  length  of  the  educational  absence.  Thus,  the  overall  pool  of 
high-quality  S&E  personnel  is  increased  and  NADC  obtains  the  services  of  more 
highly  trained  employees.  This  program  is  especially  good  for  assisting  females 
and  members  of  underrepresented  minorities  to  pursue  advanced  degrees. 


Postdoctoral/Faculty  Programs 

Fellowship  Programs 

The  Office  of  Naval  Technology  (ONT)  operates  a  unique 
research/ recruiting  program  called  the  ONT  Postdoctoral  Fellowship  Program. 
This  program  offers  a  l-to-3year  opportunity  for  participants  to  do  applied 
research  at  Navy  laboratories  in  areas  of  interest  to  the  Navy.  All  selectees  are 
recent  (l-to-7  year)  doctorate  recipients  who  apply  to  the  Navy  through  the 
American  Society  of  Engineering  Education  (ASEE),  acting  as  the  Navy's  agent. 
The  ASEE  evaluates  the  applications  under  ONT  oversight  and  recommends  the 
award  of  fellowships.  Since  the  inception  of  the  program  in  1984, 
237  applications  have  been  submitted,  174  offers  of  award  made,  and  126 
acceptances  received.  In  addition,  ONT  estimates  that  over  50  percent  of  all 
participants  have  been  hired  by  DoD  and  another  6  percent  have  been  hired  by 
other  Federal  agencies. 
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Research  Associateship  Program 


All  Military  Services  and  Defense  Agencies  participate  in  the  National 
Research  Council's  (NRC)  Research  Associateship  Program.  This  program 
provides  2-year  grants  to  selectees  (who  are  within  l-to-5  years  of  receiving  a 
doctorate)  for  research  on  defense-critical  subjects.  Applications  are  sent  to  the 
NRC  for  evaluation  and  ranking.  Funds  to  provide  the  grants  are  transferred 
from  the  participating  military  organization  to  the  NRC,  which  in  turn 
administers  the  program.  DoD  receives  important  research  in  return  for  the 
grants.  In  addition,  some  organizations  estimate  that  approximately  25  percent 
of  these  program  participants  are  hired  as  Federal  civilian  employees. 
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Chapter  6 


Conclusions  and  Recommendations 


Introduction 

The  conclusions  reached  during  tiiis  project  are  based  upon  three  different 
sets  of  experiences  by  the  study  team.  Most  of  what  follows  in  this  chapter  is  an 
outgrowth  of  our  visits  with  the  directors  and  administrators  of  the  32-program 
sample  of  intervention  activities  conducted  within  DoD.  Some  conclusions, 
however,  bear  the  marks  of  our  exposure  to  the  imposing  volume  of  national 
literature  and  the  availability  in  the  local  area  of  both  authors  and  agency 
officials  having  extensive  knowledge  of  supply  and  demand  factors  for  scientists 
and  engineers  in  this  country.  Finally,  our  conclusions  are  flavored  by  our  own 
experience  with  the  interrelationships  between  and  among  major  segments  of 
the  staff  of  the  Office  of  the  Secretary  of  Defense  (OSD)  and  4ie  staffs  of  the 
Military  Departments  and  Defense  Agencies. 

These  three  influences  are  interwoven  and  have  become  inseparable  from  all 
ottier  aspects  of  the  conclusions  that  follow.  The  six  conclusions  are  soimd,  are 
based  on  fact  and  objective  judgment,  and  they  lead  to  five  recommendations 
that  should  be  accepted  and  implemented. 


Conclusions 

1.  There  is  a  rich  profusion  of  educational  intervention  programs  for  scientists  and 
engineers.  The  programs  lack  integration,  interrelationships  and  coordinating 
guidance. 

The  S&E  intervention  programs  of  the  Department  of  Defense  are  many  and 
varied.  It  is  Likely  that  our  starting  inventory  of  136  programs  and  other 
activities  is  low  by  several  dozen  activities,  simply  because  a  number  of 
programs  were  not  reported  during  the  1989  - 1990  call  by  OSD  for  information. 
The  reported  programs,  some  of  which  date  from  the  1950s,  have  grown  and 
developed  with  a  high  degree  of  independence,  without  either  the  benefit  or  the 
impediments  that  accompany  guidance  and  regulation  from  above.  Almost  all 
lack  the  kind  of  program  objectives  that  can  be  measured  objectively.  These 
DoD  educational  efforts  constitute  a  "family"  of  activities  only  in  the  most 
general  way.  They  have  evolved  with  richness  and  with  inefficiency.  As  a 
group,  they  need  careful  and  sensitive  coordinating  guidance  from  OSD. 
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2.  There  is  a  basis  in  law  for  these  programs. 

Many  of  DoD's  S&E  educational  intervention  programs  are  conducted 
under  regulations  or  directives  published  by  local  authorities  or  by  tiie 
respective  Military  Service  or  Defense  Agency.  We  have  sought,  located,  and 
cited  (in  Appendix  D)  a  basis  in  Federal  statute  and  —  where  appropriate  —  in 
Federal  regulation  for  all  the  programs  that  constitute  our  sample.  There  is  in 
those  citations  a  breadth  and  sweep  of  authority  that  permits  DoD  to  mount  and 
sustain  a  great  variety  of  S&E  interventions  with  different  program  objectives 
and  dissimilar  participant  groups.  The  lack  of  proper  legal  authority  should  not 
be  cited  as  a  hindrance  to  the  establishment  of  virtually  any  kind  of  prospective 
educational  program  in  this  area. 

3.  Effective  intervention  programs  have  several  common  characteristics,  lohich  tend  to 
vary  xoith  the  educational  level  of  the  program. 

♦  Pre-college  programs 

►  Work-study.  Challenging  academic  sessions. 

The  best  pre-college  programs  often  include  a  work-study  combination 
arrangement  for  participants.  Many  also  conduct  academically 
challenging  seminars  or  classes  as  part  of  the  intervention.  Remedial  or 
corrective  work  has  no  place  in  these  high-quality  programs  for 
students  approaching  their  college  years. 

The  work-study  cycle  proves  effective  because  it  permits  students  to  be 
introduced  to  S&E  professions  on  a  real-work  basis.  Serving  typically 
as  interns,  assistants,  or  apprentices,  the  students  in  these  programs 
occasionally  require  protection  by  program  coordinators  from  being 
assigned  to  trivial  or  marginal  tasks  by  DoD  employees  at  the  work  site. 
When  these  students  are  accepted  by  DoD  staff  members  as  potential 
future  professionals,  and  when  their  experiences  at  the  DoD  facility  are 
understood  to  focus  upon  the  teaching/ learning  process,  the 
motivational  payoff  for  participants  is  enhanced  substantially. 
Normally,  the  periods  of  employment  characteristic  of  these  programs 
occur  during  the  students'  normal  vacations  from  their  respective 
secondary  schools.  Because  of  school  attendance  requirements,  the 
longer  periods  of  work  (often  a  school  term  in  duration)  that  mark 
college-level  work-study  arrangements  are  not  foimd  in  these 
pre-college  programs. 

Remedial  academic  work  conducted  as  part  of  a  program  whose 
purpose  is  the  preparation  of  future  scientists  and  engineers  tends  to 
raise  unrealistically  high  expectations  among  student  participants.  The 
directors  of  several  effective  programs  aimed  at  underprivileged, 
inner-city  youth  or  at  members  of  underrepresented  minorities  point 
repeatedly  to  the  existence  in  our  schools  of  adequate  numbers  of 
academically  able  youth  who  meet  the  qualification  criteria  of  programs 
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like  these.  These  young  people  may  need  motivation,  but  not 
remediation. 

►  Year-roimd  contact  widi  mentors. 

Mentors  have  very  important  relationships  with  yotmg  people  in  the 
most  successful  pre-college  programs.  Mentors  are  often  high  school 
science  or  mathematics  teachers  recruited  to  participate  in  the 
intervention,  or  they  may  be  DoD  employees  who  become  acquainted 
with  several  student  participants  during  periods  of  employment. 
Mentors  serve  as  exemplars,  as  coaches,  and  as  encouragers;  they  also 
provide  important  information  about  —  and  linkages  with  —  the 
intervention  program  itself. 

The  most  crucial  period  of  time  for  the  mentor-student  relationship  is 
the  winter  of  the  student's  senior  year,  followed  closely  in  importance 
by  the  summer  immediately  following  graduation  from  secondary 
school.  Properly  coached  and  motivated  mentors  continue  to  show 
interest  in  dieir  small  families  of  students  as  the  mentors  provide 
positive  carryover  contact  during  their  students'  preparation  for 
college. 

►  Avoidance  of  simple  "exposure"  to  S&E  professions. 

Experience  has  persuaded  a  number  of  pre-college  program  directors 
that,  to  be  effective,  interventions  must  move  quickly  beyond  tihe 
superficialities  of  tours  and  visits,  through  the  intermediate 
involvements  of  science  projects  and  their  accompanying  awards,  to 
deeper  and  more  continuing  relationships  with  S&E  careers  and 
practitioners.  Undoubtedly,  yoimg  people  are  occasionally  attracted  to 
an  S&E  career  as  a  result  of  a  visit  to  a  DoD  laboratory,  but  that  does 
not  seem  to  occur  often.  The  important  question  in  this  instance  seems 
to  be  one  of  cost  to  DoD  versus  the  return  on  that  investment. 

It  may  be  advisable,  of  course,  to  continue  and  even  to  augment  the 
public's  exposure  to  the  laboratories  and  similar  facilities  of  the 
Department  of  Defense.  But  these  activities  can  and  should  be 
defended  and  supported  on  the  basis  of  tiieir  resulting  positive 
relations  between  DoD  and  the  citizenry.  Good  public  relations  have 
substantial  importance  and  they  should  not  be  belittled.  Neither, 
however,  should  public  relations  activities  be  depended  on  to  produce 
in  any  quantity  young  men  and  women  excited  about  careers  as 
scientists  or  engineers. 

►  Avoidance  of  overly  restrictive  participation  criteria. 

If  the  rules  for  the  selection  of  participants  are  too  narrow,  intervention 
programs  can  shrink  to  activities  for  the  intellectually  elite,  many  of 
whom  have  selected  college  study  programs  quite  early,  and  aU  of 
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whom  would  quite  likely  succeed  in  any  of  a  number  of  academic 
fields.  These  small  programs  carry  a  high  administrative  cost  per 
participant.  They  can  sometimes  be  blended  successfully  with  neighbor 
programs  that  encourage,  for  example,  the  "could  and  should"  group  of 
high  school  students  who  have  ability  but  who  require  motivation 
before  pursuing  the  more  demanding  disciplines  of  college 
imdergraduate  study. 

♦  Undergraduate  programs 

►  Employment-related 

Good  intervention  programs  for  undergraduate  students  need  to  have 
some  obvious  relationship  to  the  world  of  S&E  work.  This  cormection 
may  be  made  tiirough  collegiate  work-study  arrangements  with  one  of 
several  cooperative  education  programs  based  on  campus.  It  may  be 
work  at  DoD  facilities,  during  vacation  periods,  for  which  the 
participant  receives  a  promise  of  employment  consideration  upon 
graduation.  It  may  be  through  rmdergraduate  scholarships  coupled 
with  DoD  laboratory  (or  similar  facility)  employment,  followed  by 
assured  employment  that  begins  an  agreed-upon  scholarship  payback 
period  as  a  DoD  employee.  Finally,  some  intervention  programs  select 
as  participants  DoD  employee  technicians  who  have  yet  to  complete 
their  college  undergraduate  programs.  These  interventions  send  the 
participants  back  to  school  as  bachelor  degree  candidates  in  one  of  the 
S&E  fields  with  the  obhgation  to  return  (normally  to  the  same  facility) 
with  a  reclassification  to  professional  S&E  status  but  with  a  payback 
employment  obligation  to  DoD. 

♦  Graduate  programs 

►  Employment-related 

The  kinds  of  work-study  arrangements  that  produce  good  results  for 
undergraduate  students  can  be  duplicated  with  graduate  students, 
except  that  some  tiniversities  do  not  encourage  graduate  students  to 
coordinate  efforts  of  this  kind  through  the  institution's  cooperative 
education  office.  Periods  of  employment  are  considered  to  be  just  that, 
and  graduate  students  are  expected  to  manage  their  own  progress 
toward  academic  program  completion.  From  the  DoD  point  of  view 
there  are  the  same  general  kinds  of  employment  relationship 
possibilities  existing  for  graduate  students  as  for  undergraduate 
students.  In-service  career  development  programs  involving  graduate 
study  for  S&E  employees  of  DoD  are  quite  popular.  A  program  of  this 
kind,  of  course,  improves  the  quality  of  the  S&E  work  force  while  not 
necessarily  improving  its  quantity. 
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►  Research  of  interest  to  DoD 


A  number  of  good  DoD  intervention  programs  support  graduate 
student  research,  much  of  which  contributes  to  degree  attainment  on 
the  part  of  the  participating  students.  This  work  in  turn  draws  the 
participant  into  interesting  relationships  with  specific  laboratories  or 
similar  DoD  facilities.  A  number  of  these  arrangements  lead  eventually 
to  DoD  employment.  In  these  kinds  of  programs,  DoD  enjoys  the 
additional  benefit  of  receiving  die  beneficial  product  of  the  research 
itself,  funded  in  the  first  place  because  of  its  compatibiHty  with  DoD 
missions  and  its  attractiveness  to  DoD  selection  juries. 

♦  Postdoctoral  and  faculty  programs 

►  Oriented  toward  recruiting 

Programs  for  postdoctoral  fellows  and  faculty  researchers  are  typically 
conducted  with  collegiality  in  a  mutual-sharing  ambiance.  This 
atmosphere,  in  which  aU  work  is  nonetheless  directed  toward  the 
national  defense,  can  attract  program  participants  as  potential 
employees.  While  "recruiting"  discussions  are  often  subtie  and  casual, 
just  this  sort  of  approach  is  widely  appreciated  by  the  program 
participants,  most  of  whom  are  working  on  research  projects.  These 
participating  scientists  and  engineers  have  either  been  working 
alongside  DoD  employee  scientists  and  engineers,  or  they  will  likely 
have  been  accomplishing  work  tiiat  they  then  must  defend  before  DoD 
employee  review  groups.  The  participants'  work  must  ultimately  "fit" 
with  similar,  mission-oriented  work  conducted  within  DoD  facilities. 

►  Research  of  interest  to  DoD 

To  an  even  greater  extent  than  the  research  conducted  by  graduate 
student  program  participants,  the  research  work  accomplished  by 
postdoctoral  and  faculty  researchers  is  received  and  assimilated  by 
DoD  employees  as  important  contributions  to  the  advance  of 
knowledge.  These  programs  are  beneficial  both  to  the  researcher  and  to 
the  DoD  sponsor. 

►  Involvement  of  promising  graduate  students 

Some  of  the  very  best  programs  involving  postdoctoral  or  faculty 
fellows  (other  designations  are  sometimes  used)  also  benefit  DoD 
because  they  encourage  —  or  at  least  permit  —  graduate  students  to 
accompany  or  to  work  with  the  principal  program  participant. 
Typically,  these  students  are  working  with  the  "postdoc"  or  faculty 
member  back  at  their  respective  campuses,  with  one  or  two  of  the 
students  doing  independent  study  or  research  work  along  the  lines  of 
the  work  or  project  on  which  DoD  is  seeking  assistance.  The  proposal 
is  prepared  and  the  contract  award  made  with  the  imderstandmg  that 
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one  or  more  graduate  assistants  will  participate.  The  outcome  quite 
often  has  multiple  benefits:  DoD  gets  enriched  work  attacking  difficult 
questions,  the  principal  participant  becomes  a  friend  of  the  Military 
Service  or  Defense  Agency  (and  a  potential  repeating  contractor)  and 
the  graduate  student(s)  becomes  acquainted  positively  with  DoD  as  a 
potential  employer  upon  degree  completion,  even  while  receiving 
important  financial  support  for  the  graduate  study  involved. 

4.  The  point  along  the  S&E  pipeline  at  xvhich  the  intervention  program  is  applied  is 
important  in  determining  results. 

Programs  appHed  late  in  the  educational  process  —  during  graduate  school 
or  beyond  —  produce  limited  quantitative  results  on  S&E  supply  for  very  high 
per-person  costs.  Programs  appHed  much  earlier  in  the  process  —  during,  say, 
the  pre-college  stage  of  educational  development  —  offer  much  higher 
quantitative  payoff  potential  for  the  money  invested.  But  these  early  programs 
tend  to  be  much  more  complex,  difficult  to  administer,  and  more  challenging  to 
sustain  over  the  years.  In  addition,  the  managers  of  these  early-application 
programs  are  not  as  apt  to  see  the  same  kind  of  prompt  and  positive  results  from 
their  efforts  as  do  the  DoD  administrators  working  with  graduate  students  and 
faculty  members. 

We  believe  that  the  greatest  opportimity  for  good,  from  the  perspective  of 
where  to  apply  aggressive  intervention  programs,  is  to  be  found  at  the  "gaps"  or 
linkage  in  the  educational  process.  Specifically,  programs  aimed  at 
about-to-be-graduated  high  school  diploma  recipients  or  at  just-graduated 
baccalaureate  degree  recipients  offer  high  promise  of  positive  results.  It  is  at 
these  transition  points  in  the  pipeline,  of  course,  where  the  greatest  attrition  of 
potential  S&E  candidates  occurs. 

5.  Mentor  relationships  betioeen  S&E  projessionals  and  student  program  participants 
bring  positive  results. 

Although  we  have  discussed  mentor  relationships  as  a  characteristic 
common  to  the  better  pre-college  intervention  programs  visited  during  this 
project,  it  is  worthwhile  also  to  list  these  relationships  as  a  positive  factor  in 
successful  intervention  programs  generally.  The  exploitation  of  mentor 
relationships,  those  continuing  relationships  between  students  (whether  in 
secondary  school  or  in  college)  and  older  S&E  professionals  (whether  employed 
in  high  school  or  college  faculties  or  in  the  DoD  work  force),  offers  an  excellent 
opportunity  for  the  kind  of  encouragement,  support,  and  examples  that  can 
cause  the  population  of  future  scientists  and  engineers  to  grow.  Mentor 
relationships  can  be  particularly  important  in  providing  carryover  support  and 
encouragement  for  students  during  gaps  or  transitions  along  the  S&E  pipeline, 
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6.  Attrition  of  S&E-capable  college  students  is  too  high  during  their  freshman  and 

sophomore  years. 

At  the  present  time,  too  many  freshman  and  sophomore  students  with 
adequate  promise  and  academic  preparation  are  discouraged  enough  to  turn 
away  from  science  and  engineering  majors  while  in  college.  Many  are 
discouraged  because  these  curricula  have  sobering,  work-hard  reputations  that 
lead  the  students  to  avoid  the  programs.  Some  students  are  discouraged  because 
of  their  own  disappointing  performances  in  introductory  natural  science, 
mathematics,  or  engineering  courses;  this  latter  type  of  attrition  is  particularly 
perplexing  because  a  number  of  these  courses  in  many  colleges  and  universities 
carry  reputations  of  being  more  demanding  than  the  curricula  for  which  they  act 
as  filtering  mechanisms. 

None  of  the  existing  DoD  education  intervention  programs  attempts  to 
address  this  problem.  Indeed,  the  attrition  of  the  over-optimistic  and  the 
ill-prepared  early  in  their  college  careers  rather  than  later  on  is  an  educational 
good.  We  should  seek  it  where  it  does  not  exist  and  support  it  when  we  find  it. 
Our  concern  in  this  instance,  however,  is  with  any  institutionally  encouraged 
upward  "creep"  in  the  zeal  with  which  these  weU-known  courses  screen  out 
potential  electrical  engineers  or  physicists.  The  approaches  are  almost  as  broad 
as  academe  itself,  and  the  instructors  and  responsible  curriculum  committees  act 
with  all  the  dedication  of  standards-enforcers.  Yet  we  are  convinced  that  some 
students  now  being  turned  away  should  go  on  to  S&E  majors,  and  possibly  to 
S&E  careers. 


Recommendations 

1.  The  Office  of  the  Secretary  of  Defense  should  develop  a  broad,  achievable 
set  of  goals  and  objectives  for  aU  of  DoD  for  programs  and  activities  of  this 
kind. 

2.  The  many  intervention  programs  of  DoD  should  be  encouraged  by  OSD  to 
develop  generally  the  characteristics  discussed  in  Chapter  5  and 
summarized  in  the  preceding  section.  The  DoD  components  can  use  these 
characteristics  as  a  template  to  help  determine  the  viability  of  ongoing 
programs. 

3.  The  objectives  of  each  program  or  activity  should  be  reviewed.  They  should 
be  restructured  in  ways  that  make  their  achievement  measurable  by  die 
application  of  objective  standards  by  outside  reviewers. 

4.  The  Director  of  Defense  Research  and  Engineering  should  sponsor  an 
exploration  of  ways  to  moxmt  DoD  intervention  programs  aimed  at  tihe  gaps 
and  other  transition  points  along  the  S&E  educational  pipeline.  When 
appropriate  ways  are  foimd,  resources  should  be  provided  to  support  new 
or  altered  programs  in  those  areas. 
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5.  The  Defense  Science  Board  —  and  other  organizations  in  which  interfaces 
exist  between  DoD  officials  and  university  or  educational  association 
leaders  —  should  be  asked  to  examine  and  to  probe  the  high  attrition 
phenomenon  of  lower-division  xmdergraduate  students  participating  in 
preparatory  or  screening  courses  for  the  sciences,  mathematics,  or 
engineering.  This  examination  should  be  conducted  with  the  objective  of 
ultimately  salvaging  a  measurable  number  of  students  of  merit  now  being 
screened  out. 
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Appendix  A 


DoD  Science  and  Engineering 
Intervention  Programs 


DoD  Science  and  Engineering 
Intervention  Programs 


Table  A-1  lists  136  programs  submitted  to  the  Office  of  the  Secretary  of 
Defense  (OSD)  as  representing  science  and  engineering  intervention  programs 
operated  by  the  Military  Services  and  Defense  Agencies.  The  Office  of  the 
Director  of  Defense  Research  and  Engineering  reported  112  of  those  to  Congress 
as  representative  of  DoD  intervention  programs  to  either  increase  the  numbers 
of  scientists  and  engineers  or  improve  the  quality  of  existing  scientists  and 
engineers. 

Because  these  programs  were  self-reported  by  the  DoD  Components 
administering  them,  the  list  includes  some  duplicates.  In  addition,  we  believe 
the  Hst  is  incomplete,  primarily  because  Navy  organizations  reported 
substantially  more  programs  than  did  the  Army  and  Air  Force. 

LMI  selected  32  of  these  programs  for  analysis  and  evaluation.  Criteria  used 
for  this  selection  are  discussed  in  Chapter  4.  A  detailed  description  of  these 
32  programs  is  contained  in  Appendix  B.  We  believe  they  are  representative  of 
the  types  of  programs  operated  by  the  DoD  as  science  and  engineering  interven¬ 
tion  programs. 
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Table  A-1. 

DoD  Science  and  Engineering  Intervention  Programs 


Program 

Education  level" 

Military  Service/ 
Defense  Agency 

Science  and  Engineering  Fairs 

Precollege 

Army 

Army  Research 

Junior  Science  and  Humanities  Symposia  (JSHS) 

Precollege 

Army 

Army  Research 

Uninitiated  Introduction  to  Engineering  (UNITE) 

Precollege 

Army 

Army  Research 

Research  and  Engineering  Apprenticeship  Program  (RAEP) 

Precollege 

Army 

Army  Research 

:  Minorities  in  Engineering  Program  (MEP) 

Precollege 

Navy 

Naval  Air  Deveic 

:  Handicap  Outreach 

Precollege 

Navy 

Naval  Air  Devek 

Stay-in-School  Program 

Precollege 

Navy 

Naval  Coastal  S 

Gould  Science  Award 

Precollege 

Navy 

Naval  Coastal  S 

Pax-Hi  Program 

Precollege 

Navy 

Naval  Electronic 

Gifted  and  Talented  Program 

Precollege 

Navy 

Naval  Research 

Student  Volunteer  Services 

Precollege 

Navy 

Naval  Research 

Technical  Mentor  Program 

Precollege 

Navy 

Naval  Weapons 

High  School  Apprenticeship  Program  (HSAP)  1 

Precollege 

Navy 

Office  of  Naval  F 

Science  and  Engineering  Apprenticeship  Program  (SEAP) 

Precollege 

Navy 

Office  of  Naval  F 

Navy  Science  Award  Program  (NSAP) 

Precollege 

Navy 

Office  of  Naval  F 

High  School  Apprenticeship  Program  (HSAP) 

Precollege 

Air  Force 

Office  of  Scientil 

Student  Aid  and  Stay-in-School  Programs 

Precollege 

Defense  Mapping  Agency 

Defense  Mappin 

i  Texas  Pre-Freshamn  Engineering  Program  (TEXPREP) 

j 

Precollege 

Defense  Mapping  Agency 

!  Defense  Mappin 

Adopt-A-School  Program 

Precollege 

Defense  Nuclear  Agency 

Defense  Nuclea 

National  Sciences  Resource  Center 

Precollege 

All 

Office  of  the  Sec 

:  Science  and  Engineering  Cooperative  Program  (RCTC) 

Undergraduate 

Army 

HQ  U.S.  Army 

Cooperative  Education  Program  (CCCP) 

Undergraduate 

Navy 

Naval  Air  Deveic 

Federal  Junior  Fellowship  Program  (FJFP)  i 

Undergraduate 

Navy 

Naval  Air  Deveic 

Science  and  Engineering  Summer  Employment  Program 

Undergraduate 

Navy 

Naval  Air  Deveic 

i  Part-time  Undergraduate  Study  Award  Program 

Undergraduate 

Navy 

Naval  Air  Deveic 

Federal  Junior  Fellowship  Program  (FJFP) 

Undergraduate 

Navy 

Naval  Coastal  S 

Summer  Hire  Program 

Undergraduate 

Navy 

Naval  Electronic 

Cooperative  Educational  Program  (CCCP) 

Undergraduate 

Navy 

Nava!  Electronic 

Federal  Junior  Fellowship  Program  (FJFP) 

Undergraduate 

Navy 

Naval  Electronic 

PAX-Tenn  Cooperative  Education  Plan 

Undergraduate 

Navy 

Naval  Electronic 

Cooperative  Education  Program  (CCCP) 

Undergraduate 

Navy 

Naval  Facilities  I 

Professional  Development  Center 

Undergraduate 

Navy  i 

Naval  Facilities  1 

Undergraduate  Academic  Program 

Undergraduate 

Navy 

Naval  Ocean  Sy 

Cooperative  Education  Program  (CCCP) 

Undergraduate 

Navy 

Naval  Research 

Federal  Junior  Fellowship  Program  (FJFP) 

Undergraduate 

Navy 

Naval  Research 

"  Some  programs  permit  participation  at  more  than  one  academic  level;  the  level  shown  is  the  predominant  use 
"Office  or  organization  administering  the  program  when  different  from  the  reporting  unit. 


Reporting  unit 

Administering  office^' 

search  Office 

Science  Service,  Inc. 

search  Office 

The  Academy  of  Applied  Science 

search  Office 

Junior  Engineering  Technical  Society 

search  Office 

Development  Center 

Development  Center 

astal  Systems  Command 
astal  Systems  Command 
^ctronics  Systems  Engineering  Activity 
search  Laboratory 

search  Laboratory 

capons  Center 

Naval  Research 

The  Academy  of  Applied  Science 

Naval  Research 

George  Washington  University 

Naval  Research 

Science  Service,  Inc. 

Scientific  Research 

Vlapping  Agency 

Research  and  Development  Laboratories,  Inc. 

Vlapping  Agency 

Nuclear  Agency 

University  of  Texas,  San  Antonio 

:he  Secretary  of  Defense 

1 

National  Academy  of  Science  &  Smithsonian  Institute 

^rmy 

Development  Center 

Development  Center 

Development  Center 

Development  Cener 

astal  Systems  Command 

ctronics  Systems  Engineering  Activity 

ctronics  Systems  Engineering  Activity 

ctronics  Systems  Engineering  Activity 

ctronics  Systems  Engineering  Activity 

:ilities  Engineering  Command 

:ilities  Engineering  Command 

ean  Systems  Center 

search  Laboratory 

search  Laboratory 

Personnel  Command 
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Table  A-1 

DoD  Science  and  Engineering  Intei'vention  Programs  (Contimied) 


I 

1 

1  Program 

Education  leveL 

Military  Service/ 
Defense  Agency 

1 040-Hour  Appointment 

Undergraduate 

Navy 

Naval  Re 

Summer  Hire  Program 

Undergraduate 

Navy 

Naval  Re 

Cooperative  Education  Program  (COOP) 

Undergraduate 

Navy 

Naval  Se 

Cooperative  Education  Program  (COOP) 

Undergraduate 

Navy 

Navy  Oc( 

Historically  Black  Colleges  and  Universities/Minority  Institutions  (HBCU/MI)  Program 

Undergraduate 

Navy 

Office  of 

Cooperative  Education  Program  (COOP) 

Undergraduate 

Air  Force 

Headqua 

Cooperative  Education  Program  (COOP) 

Undergraduate 

Defense  Mapping  Agency 

Defense 

Federal  Junior  Fellowship  Program  (FJFP) 

Undergraduate 

Defense  Mapping  Agency 

Defense 

I  Historical  Black  College  and  University  (HBCU)  Program 

Undergraduate 

Defense  Mapping  Agency 

Defense 

Cooperative  Education  Program  (COOP) 

Undergraduate 

National  Security  Agency 

National : 

i  Undergraduate  Training  Program 

Undergraduate 

National  Security  Agency 

National ; 

;  Summer  Employment  Program 

Undergraduate 

National  Security  Agency 

National  i 

I  Computer  Operator  Associateship  Program 

Undergraduate 

National  Security  Agency 

National : 

^  Grow  Your  Own  Program 

Undergraduate 

National  Security  Agency 

National ; 

Coastal  Engineering  Education  Program  (CEEP) 

Graduate 

Army 

Army  Coi 

Water  Resources  Planning  Associate  (PA)  Program 

Graduate 

Army 

Army  Coi 

,  Graduate  Fellowship  in  Water  Resources  and  Environmental  Law  (WREL) 

Graduate 

Army 

Army  Coi 

Mission  Related  Graduate  Program  (MRGP) 

Graduate 

Army 

Army  Coi 

Waterways  Experimental  Station  (WES)  Graduate  Institute 

Graduate 

Army 

Army  Coi 

Operations  Research  System  Analysis  (ORSA)  Fellowship  Program 

Graduate 

;  Army 

Army  Ma 

Operations  Research  System  Analysis  (ORSA)  Advanced  Study  Program 

Graduate 

Army 

Army  Ma 

National  Defense  Science  and  Engineering  Graduate  (NDSEG)  Fellowship  Program 

Graduate  ; 

Army 

Army  Rei 

Science  and  Technology  Fellowship  Program 

Graduate 

Army  ! 

Army  Re: 

Graduate  Study  Award  Program  (GSAP) 

Graduate 

Navy 

Naval  Air 

Engineer  and  Science  Development  Program 

Graduate 

Navy 

Naval  Air 

New  Professional  Development  Program 

Graduate 

Navy 

Naval  Co 

Graduate  Academic  Program 

Graduate 

Navy 

Naval  Oc 

Long  Term  Training 

Graduate 

Navy 

Naval  Oc 

Instructional  TV  Program 

Graduate 

Navy 

Naval  Oc 

;  Instructional  Satellite  Program 

Graduate 

Navy 

Naval  Oc 

Advanced  Graduate  Research  Program 

Graduate 

Navy 

Naval  Re 

;  Edison  Memorial  Graduate  Training  Program 

Graduate 

Navy 

Nava!  Re 

Select  Graduate  Program 

Graduate 

Navy 

Naval  Re 

Engineering  Long  Term  Training 

Graduate 

Navy 

i _ _ _ 

Naval  Se 

"  Some  programs  permit  participation  at  more  than  one  academic  level;  the  level  shown  ;s  the  predominant  use. 
"Office  or  organization  administering  the  program  when  different  from  the  reporting  unit. 


Reporting  unit 

1  Administering  office" 

Naval  Research  Laboratory 

Naval  Research  Laboratory 

Naval  Sea  Systems  Command 

Navy  Oceanographic  &  Atmospheric  Research  Laboratory 

Office  of  Naval  Research 

Headquarters  U.S.  Air  Force 

! 

j 

Director  of  Civilian  Personnel  (AF/DPC) 

Defense  Mapping  Agency 

Defense  Mapping  Agency 

Defense  Mapping  Agency 

Jackson  State  University 

National  Security  Agency 

National  Security  Agency 

National  Security  Agency 

National  Security  Agency 

National  Security  Agency 

Army  Corps  of  Engineers 

Army  Corps  of  Engineers 

Army  Corps  of  Engineers 

Waterways  Experimental  Station  Graduate  Institution 

Army  Corps  of  Engineers  , 

Army  Corps  of  Engineers  ' 

Army  Material  Command  | 

Army  Material  Command  | 

Army  Research  Office  1 

Battelle 

Army  Research  Office 

Naval  Air  Development  Center 

Naval  Air  Systems  Command 

Naval  Coastal  Systems  Command  j 

Naval  Coastal  Systems  Center 

Naval  Ocean  Systems  Center  j 

Naval  Ocean  Systems  Center  I 

Naval  Ocean  Systems  Center  ' 

Naval  Ocean  Systems  Center 

Naval  Research  Laboratory  ■ 

Nava!  Research  Laboratory  j 

Naval  Research  Laboratory  I 

Naval  Sea  Command 
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Table  A-1. 

DoD  Science  and  Engmeering  Intervention  Programs  (Continued) 


: 

Program 

Education  leveF 

Military  Service/ 
Defense  Agency 

Naval  Sea  Systems  Command  Institute 

Graduate 

Navy 

Naval  Se 

Long  Term  Training  Program 

Graduate 

Navy 

Naval  W 

California  State  University  Chico  External  Degree 

Graduate 

Navy 

Naval  W 

California  State  University  Northridge  External  Degree 

Graduate 

Navy 

Naval  W 

Graduate  Fellowship  Program  (GFP) 

Graduate 

Navy 

Office  of 

National  Defense  Science  and  Engineering  Graduate  (NDSEG)  Fellowship  Program 

Graduate 

Navy 

Office  of 

Engineering  and  Acquisition  Management  Program 

Graduate 

Navy 

Space  ai 

Civilian  Scientists  and  Engineers  Career  Program 

Graduate 

Air  Force 

Headquc 

PALACE  KNIGHTS  Intern  Program  for  Scientists  and  Engineers 

Graduate 

Air  Force 

HeadquJ 

PALACE  ACQUIRE  Intern  Program  for  Scientists  and  Engineers 

Graduate 

Air  Force 

Headquc 

Research  in  Aero  Propulsion  Technology  (AFRAPT) 

Graduate 

Air  Force 

Office  of 

Advanced  Thermionic  Research  Program  (ATRP) 

Graduate 

Air  Force 

Office  of 

Laboratory  Graduate  Fellowship  Program  (LGTP) 

Graduate 

Air  Force 

Office  of 

Graduate  Student  Research  Program  (GSRP) 

Graduate 

Air  Force 

Office  of 

National  Defense  Science  and  Engineering  Graduate  (NDSEG)  Fellowship  Program 

Graduate 

Air  Force 

Office  of 

I  Joint  Services  Electronics  Fellowship  Program 

Graduate 

Air  Force 

Office  of 

National  Defense  Science  and  Engineering  Graduate  (NDSEG)  Fellowship  Program 

Graduate 

Defense  Advanced 

Research  Project  Agency 

Defense 

1  Full-Time  Study  Program 

Graduate 

Defense  Intelligence 

Agency 

Defense 

After  Hours  Tuition  Support 

1 

Graduate 

Defense  Intelligence 

Agency 

Defense 

DCl  Exceptional  Analyst  Program 

Graduate 

Defense  Intelligence 

Agency 

Defense 

1  Long  Term  Full-Time  Training  Program 

i  Graduate 

Defense  Mapping  Agency 

Defense 

Civilian  Science  and  Training  Program 

Graduate 

Defense  Nuclear  Agency 

Defense 

Thesis  Research  for  Graduate  Study  Program 

Graduate 

Defense  Nuclear  Agency 

Defense 

Graduate  Study  Program 

Graduate 

Defense  Nuclear  Agency 

Defense 

■  Internal  Training 

Graduate 

National  Security  Agency 

•  National 

Advanced  Study  Program 

Graduate 

National  Security  Agency 

National 

:  After  Hours  College  Program 

Graduate 

National  Security  Agency 

National 

Directed  Fellowship/Schoiar  Program 

Graduate 

National  Security  Agency 

National 

Fellowship  and  Scholarship  Program 

Graduate 

National  Security  Agency 

National 

;  Research  Assistantships-General 

Graduate 

All 

Office  o1 

"Some  programs  permit  participation  at  more  than  one  academic  level;  the  level  shown  is  the  predominant  use. 
'Office  or  organization  administering  the  program  when  different  from  the  reporting  unit. 


Reporting  unit 

Administering  office^ 

Naval  Sea  Systems  Command 

Naval  Weapons  Center 

Naval  Weapons  Center 

Naval  Weapons  Center 

Office  of  Naval  Research 

Battelle 

Office  of  Naval  Research 

Battelle 

1  Space  and  Naval  Warfare  Systems  Command 

Headquarters  U.S.  Air  Force 

Air  Force  Civilian  Personnel  Management  Center 

Headquarters  U.S.  Air  Force 

Air  Force  Civilian  Personnel  Management  Center 

Headquarters  U.S.  Air  Force 

Air  Force  Civilian  Personnel  Management  Center 

Office  of  Scientific  Research 

Office  of  Scientific  Research 

Office  of  Scientific  Research 

Southeastern  Center  for  Electrical  Engineering 

Education 

Office  of  Scientific  Research 

Research  and  Development  Laboratories,  Inc. 

Office  of  Scientific  Research 

1 

Battelle 

Office  of  Scientific  Research 

Defense  Advanced  Research  Project  Agency 

Battelle 

Defense  Intelligence  Agency 

i 

1 

Defense  Intelligence  Agency 

i 

i 

Defense  Intelligence  Agency 

Defense  Mapping  Agency 

Defense  Nuclear  Agency 

Defense  Nuclear  Agency 

'  Defense  Nuclear  Agency 

■  National  Security  Agency  I 

National  Crypto  School 

;  National  Security  Agency 

National  Security  Agency  ^ 

National  Security  Agency 

National  Security  Agency  1 

National  Crypto  School 

Office  of  the  Secretary  of  Defense 
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Table  A-1. 

DoD  Science  and  Engineering  Intervention  Programs  (Continued) 


Program 

Education  lever' 

Military  Service/ 
Defense  Agency 

Summer  Associateship  Program  for  High  School  Science  and  Mathematics  Faculty 

PD/Faculty 

Army 

Army 

National  Research  Council  (NRC)  Postdoctoral  Research  Associateships 

PD/Faculty 

Army 

Army 

Laboratory  Research  Cooperative  Program  (LRCP) 

PD/Faculty 

Army 

Army 

Summer  Faculty  Research  and  Engineer  Program  (SFREP) 

PD/Faculty 

Army 

Army 

University  Research  Institute  (URI)  Fellowship 

PD/Faculty 

Army 

Army 

National  Research  Council  (NRC)  Postdoctoral  Research  Associateship 

PD/Faculty 

Navy 

Naval 

General  Laboratory  Science  Interchange  Program 

PD/Faculty 

Navy 

Naval 

National  Research  Council  (NRC)  Postdoctoral  Research  Associateships 

PD/Faculty 

Navy 

Naval 

Jackson  State  Research  and  Education  Program 

PD/Faculty 

Navy 

Naval 

Summer  Faculty  Program 

PD/Faculty 

Navy 

Naval 

Research  Associateship  Program 

PD/Faculty 

Navy 

Naval 

National  Research  Council  (NRC)  Postdoctoral  Research  Associateships 

PD/Faculty 

Navy 

Navy 

Women  Science  Scholars  (WSS) 

PD/Faculty 

Navy 

Office 

Young  Investigator  Program  (YIP) 

PD/Faculty 

Navy 

Office 

Summer  Faculty  Research  Program 

PD/Faculty 

Navy 

Office 

Office  of  Naval  Technology  (ONT)  Postdoctoral  Program 

PD/Faculty 

Navy 

Office 

National  Research  Council  (NRC)  Postdoctoral  Research  Associateships 

PD/Faculty 

Air  Force 

Office 

University  Resident  Research  Program  (URRP) 

PD/Faculty 

Air  Force 

Office 

Summer  Faculty  Research  Program  (SFRP) 

PD/Faculty 

Air  Force 

Office 

Research  Initiation  Program  (RIP) 

PD/Faculty 

Air  Force 

Office 

National  Research  Council  (NRC)  Postdoctoral  Research  Associateships 

1  PD/Faculty 

Defense  Nuclear  Agency 

Defen 

Summer  College  Outreach  Program  (SCORE) 

i  PD/Faculty 

National  Security  Agency 

Natiof 

College  Recruitment  Program 

Other^ 

Navy 

Naval 

Adopt-a-College  (HBCU/MI) 

Other 

Navy 

Naval 

Recruitment-General 

Other 

Navy 

Naval 

Professional  Recruitment  Program 

Other 

Navy 

Naval 

Accelerated  Promotion  Program 

Other 

Navy 

Naval 

i  Recruitment  Program 

Other 

:  Navy 

Naval 

i  Developmental  Training  Program 

Other 

Navy 

Naval 

Engineering  and  Acquisition  Management  Module  HRD  Program 

!  Other 

L 

Navy 

Spac{ 

Note:  PD  =  Post  doctorate 

""Some  programs  permit  participation  at  more  than  one  academic  level;  the  level  shown  is  the  predominant  use. 

''Office  or  organization  administering  the  program  when  different  from  the  reporting  unit. 

^Program  objectives  are  different  than  science  and  engineering  education,  such  as  recruiting,  retention,  or  management. 


Reporting  unit  |  Administering  office^ 

Battelie 

National  Research  Council 
Battelie 
Battelie 


i  Army  Research  Office 
Army  Research  Office 
Army  Research  Office 
Army  Research  Office 
Army  Research  Office 
Naval  Ocean  Systems  Center 
Naval  Research  Laboratory 
Naval  Research  Laboratory 

Naval  Oceanographic  and  Atmospheric  Research  Lab 

Nava!  Oceanographic  and  Atmospheric  Research  Lab 

Naval  Oceanographic  and  Atmospheric  Research  Lab 

Navy  Post-Graduate  School 

Office  of  Naval  Research 

Office  of  Naval  Research 

Office  of  Naval  Research 

Office  of  Naval  Technology 

Office  of  Scientific  Research 

Office  of  Scientific  Research 

Office  of  Scientific  Research 

Office  of  Scientific  Research 

Defense  Nuclear  Agency 

National  Security  Agency 

Naval  Air  Development  Center 

Naval  Air  Development  Center 

Naval  Air  Development  Center 

Naval  Electronics  Systems  Engineering  Activity 

Naval  Electronics  Systems  Engineering  Activity 

Naval  Facilities  Engineering  Command 

Naval  Ocean  Systems  Center 

Space  and  Naval  Warfare  Systems  Command 


i  National  Research  Council 

‘  National  Research  Council 
1  Jackson  State  University 

i  National  Research  Council 
Bunting  Institute,  Radcliff  College 

I  American  Society  for  Engineering  Education 
American  Society  for  Engineering  Education 

i 

National  Research  Council 

Research  and  Development  Laboratories,  Inc. 
I  Research  and  Development  Laboratories,  inc. 
I  National  Research  Council 
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Table  A-1. 

DoD  Science  and  Engineering  Intervention  Programs  (Continued) 


Program 

Education  leveP 

Military  Service/ 
Defense  Agency 

^  Upward  Mobility  Program 

other 

Defense  Mapping  Agency 

Def( 

:  Tuition  Assistance  Program 

Other 

Defense  Mapping  Agency 

Deft 

Executive  Leadership  Program 

Other 

Defense  Mapping  Agency 

Def{ 

Conferences  and  Job  Fairs 

Other 

Defense  Mapping  Agency 

Def( 

Advertising  and  Publicity  Program 

Other 

Defense  Mapping  Agency 

Def( 

College  Recruitment  Program 

Other 

Defense  Mapping  Agency 

DeU 

Professional  Program 

Other 

National  Security  Agency 

Nati 

“Some  programs  permit  participation  at  more  than  one  academic  level;  the  level  shown  is  the  predominant  use. 
“  Office  or  organization  administering  the  program  when  different  from  the  reporting  unit. 

"  Program  objectives  are  different  than  science  and  engineering  education,  and  or  recruiting,  or  management. 


Reporting  unit 

Administering  office'’ 

Defense  Mapping  Agency 

Defense  Mapping  Agency 

Defense  Mapping  Agency 

Defense  Mapping  Agency  i 

Defense  Mapping  Agency 

Defense  Mapping  Agency 

)  National  Security  Agency  i 
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Appendix  B 


Selected  DoD  Science  and  Engineering 

Intervention  Programs 


Selected  DoD  Science  and  Engineering 
Intervention  Programs 


This  appendix  contains  detailed  descriptions  of  32  DoD  science  and 
engineering  intervention  programs.  They  were  selected  by  LMI  for  detailed 
evaluation  in  this  study  and  are  presented  in  four  annexes: 

♦  Annex  B-1  —  Pre-CoUege  Programs 

♦  Annex  B-2  —  Undergraduate  Programs 

♦  Annex  B-3  —  Graduate  Programs 

♦  Annex  B-4  —  Postdoctoral/faculty  Programs 

The  criteria  used  to  select  these  programs  from  the  136  reported  science  and 
engineering  intervention  programs  is  contained  in  Chapter  4.  The  complete  list 
of  136  programs  by  program  name,  education  level,  military  service/ defense 
agency,  reporting  unit,  and  administering  office  is  contained  in  Appendix  A. 

The  32  science  and  engineering  intervention  programs  are  distributed  as 


follows: 

♦  Pre-coUege  programs  -  10 

♦  Undergraduate  programs  -  7 

♦  Graduate  programs  -  6 

♦  Postdoctoral/faculty  programs  -  _9 

Total  -  32 


As  discussed  in  Chapter  4,  some  of  these  programs  are  designed  to  permit 
participation  at  more  than  one  level:  e.g.,  both  pre-coUege  and  undergraduate, 
or  undergraduate  and  graduate.  Our  categorization  of  the  programs  was  based 
upon  the  predominant  use. 
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Annex  B-1 


Pre-College  Programs 


Pre-College  Programs 


Science  and  Engineering  Fairs 

Military  Service/ Defense  Agency 

Army 


Reporting  Unit 


Army  Research  Office 


Administering  Office 

Science  Service,  Inc.,  Washington,  D.C.  (contractor) 


Contact 


Mr.  Donald  Rollins,  Army  Research  Office,  (919)  549-0641 


Objective 


To  stimulate  and  encourage  the  future  technical  development  of  our 
nation's  youtih. 


Description 


The  program  is  under  the  direction  of  local  academic  or  civic  groups. 
Science  fairs  annually  attract  over  100,000  high  school  students  with  a 
demonstrated  interest  in  science,  engineering,  and  mathematics.  Students  bring 
their  research  projects  to  the  fairs  for  evaluation  and  recognition  by  educational, 
industrial,  governmental,  and  military  groups. 

Over  350  local,  state,  and  regional  fairs  are  held  throughout  the  United 
States,  Puerto  Rico,  Guam,  and  the  Virgin  Islands.  Students  winning  at  the 
regional  fairs  also  have  an  opportunity  to  compete  at  the  national  level.  Science 
Service,  Inc.  determines  the  site  of  the  national  fair. 


B-1-3 


Science  Service,  Inc.  sets  the  guidelines  for  all  competitions.  The  Army  is 
one  of  11  organizations  that  give  awards  at  the  regional  fairs.  Science  Service, 
Inc.  awards  four  prizes  in  each  category  at  all  regional  fairs  and  at  the  national 
fair.  Approximately  60  different  organizations  award  prizes  at  the  national  fair. 
The  top  two  places  in  the  national  fair  are  awarded  free  trips  to  the  Nobel  Prize 
Ceremony  in  Norway. 


Cost 


The  Army  spent  $50,000  in  FY89  to  participate  in  more  than  350  science  fairs 
nationwide.  The  program  is  funded  annually. 


Legal  Authority 

The  science  and  engineering  fairs  are  funded  by  a  grant  to  the  contractor, 
who  pays  the  costs,  including  some  of  the  participant's  expenses.  This  is  a 
science  and  engineering  interest  type  program.  There  is  no  employment  or 
research  and  development  accomplished.  Specific  authorizing  statutes  have  not 
been  found  (see  Appendix  D,  pages  7  and  8). 


Evaluation 


This  program  stimulates  interest  in  science  and  engineering  and  establishes 
good  will  for  the  Army.  The  Army  does  not  attempt  to  follow  up  these  students 
(especially  those  winning  prizes)  to  make  them  aware  of  opportunities  for  get¬ 
ting  into  DoD  high  school  apprenticeship  programs,  summer  work  programs,  or 
later  into  the  college  Cooperative  Education  or  Reserve  Office  Training  Corps 
programs. 


Overall  Assessment 

Although  the  Army  spends  relatively  little  money  on  this  program,  it 
should  formulate  follow-up  procedures  for  participants,  especially  prize  winners 
to  recruit  them  into  other  DoD  scholarship  or  work-study  programs. 

The  military  research  and  development  organizations  have  a  continuing 
interest,  along  with  other  U.S.  institutions,  in  supporting  programs  encouraging 
increased  study  of  science  and  engineering  by  high  school  students.  Within 
DoD,  the  question  is  how  much  money  should  be  spent  on  these  programs  as 
opposed  to  other  intervention  programs  that  more  directly  support  military 
research  and  development  and  employment. 
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Junior  Science  and  Humanities  Symposium 

Military  Service/ Defense  Agency 

Army 


Reporting  Unit 


Army  Research  Office 


Administering  Office 

Academy  of  Applied  Science,  Concord,  N.  H.  (contractor) 


Contact 

Mr.  Donald  Rollins,  Army  Research  Office,  (919)  549-0641 

Objective 

This  symposium  has  several  objectives: 

♦  To  promote  research  and  experimentation  in  the  sciences,  mathematics  and 
engineering  at  the  high-school  level. 

♦  To  recognize  the  significance  of  research  in  human  affairs,  and  the 
importance  of  humane  and  ethical  principles  in  the  applications  of  research 
results. 

♦  To  search  out  talented  youth  and  their  teachers,  recognize  their 
accomplishments  at  symposia,  and  encourage  their  continued  interest  and 
participation  in  the  sciences,  mathematics,  and  engineering. 

♦  To  expand  the  horizons  of  research-oriented  students  by  exposing  them  to 
opportunities  in  the  academic,  industrial,  and  governmental  communities. 

♦  To  enlarge  the  number  of  future  adults  capable  of  conducting  research  and 
development. 
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Description 


The  Jtmior  Science  and  Humanities  Symposium  (JSHS)  encourages  high 
school  students  studying  science  and  mathematics  to  present  papers  describing 
research  they  have  accomplished  before  other  students  and  teachers.  It  consists 
of  2-or-3  day  meetings  of  high-school  students  and  teachers  who  have  interest  in 
science,  engineering,  and  mathematics,  and  the  relationships  of  those  fields  to 
the  humanities.  The  symposia  are  attended  by  several  thousand  high  school 
students  and  science  teachers  in  a  ratio  of  approximately  four  to  one.  A  typical 
symposium  includes: 

♦  Several  papers  given  by  students  in  which  they  describe  research  they 
accomplished  while  still  m  high  school 

♦  On-site  observations  of  research  performed  by  professionals,  who  demon¬ 
strate  methods  and  explain  their  goals 

♦  Discussions,  by  scientists,  of  current  research  that  is  of  general  interest  and 
potentially  important 

♦  Talks  emphasizing  the  importance  of  a  scientist  to  be  well  roimded,  both 
educationally  and  culturally 

♦  A  presentation  by  a  famous  research  scientist 

♦  Conferences  in  which  students  and  teachers  pose  questions  on  the  processes 
of  research  and  the  pursuit  of  scientific  research  as  a  career. 

The  Army  Research  Office  started  the  JSHS  program  in  1958  with  the 
intention  of  developing  a  national  program.  It  exists  in  every  state  except  Alaska 
and  Hawaii.  Approximately  7,500  students  participated  in  the  program  in  1990, 
with  more  than  175,000  participating  since  1958. 

The  JSHS  consists  of  46  regional  s5unposia,  each  2-to-3  days  in  length. 
Students  present  an  oral  and  written  description  of  their  research  projects.  Five 
students  are  selected  from  each  region  to  attend  the  national  symposia,  where 
the  superior  projects  are  selected.  Students  carmot  bring  their  exhibit  or 
invention  to  a  S3Tnposium,  but  must  orally  describe  the  project  and  provide  a 
written  paper  supporting  it.  In  additipn  to  presenting  their  projects  the  students 
meet  in  smaller  groups  with  teachers  to  discuss  areas  of  mutual  interest,  much 
like  the  format  of  modem  professional  meetings. 


Cost 


The  program  costs  $870,000  per  year  or  approximately  $116  per  student. 
The  funds  pay  for  the  management  of  the  symposia,  transportation,  room  and 
board  for  the  students,  and  for  awards.  The  teachers  attend  at  their  own 
expense. 
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Legal  Authority 

The  JSHS  is  funded  by  a  grant  to  the  Academy  of  Apphed  Science,  which 
pays  for  the  symposia  and  the  expenses  of  the  participants.  This  is  a  science  and 
engineering  interest  type  program.  There  is  no  employment  or  research  and 
development  accompHshed.  These  programs  are  fimded  annually  on  a 
continuing  basis.  Specific  authorizing  statutes  have  not  been  found  (see 
Appendix  D,  pages  7  and  8). 


Evaluation 


This  program  provides  extensive  one-on-one  contact  between  students  and 
researchers,  some  of  which  continues  over  a  long  period.  Unlike  the  Science 
Fairs,  during  which  students  only  present  a  project  for  judging,  the  JSHS  has 
numerous  activities  taking  place  concurrently. 

Neither  the  Navy  nor  the  Air  Force  participates  in  this  program,  even 
though  the  Army  estabHshes  contacts  with  a  large  number  of  future  scientists 
and  engineers.  We  believe  that  the  students  participating  in  the  JSHS  should  be 
encouraged  to  participate  in  other  DoD  intervention  programs,  including  high 
school  apprenticeship,  summer  work,  as  well  as  the  Cooperative  Education 
Program  and  intern  programs  following  college  graduation. 


Overall  Assessment 

The  program  has  significant  merit  and  should  be  considered  for  expansion, 
particularly  to  include  the  other  Military  Services. 


Uninitiates  Introduction  To  Engineering 

Military  Service/ Defense  Agency 

Army 


Reporting  Unit 


Army  Research  Office 


Administering  Office 

Junior  Engineering  Technical  Society,  Alexandria,  Va.  (contractor) 
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Contact 


Mr.  Donald  Rollins,  Army  Research  Office,  (919)  549-0641 


Objective 


To  enhance  the  preparation  of  more  minority  students  for  entry  into,  and 
graduation  from,  schools  of  engineering. 


Description 


The  Uninitiates  Introduction  to  Engineering  (UNITE)  program  consists  of 
iimversities  and  colleges  providing  remedial  mathematics  instruction  to 
minority  students  during  4-week  summer  sessions  for  the  purpose  of  interesting 
them  in  the  study  of  science  or  engineering  in  college. 

The  Army  Research  Office  started  the  UNITE  program  sometime  before 
1980.  Since  then,  up  to  10  universities  and  colleges  throughout  the  United  State 
have  participated,  and  as  many  as  680  students  have  attended  during  a 
particular  summer.  Each  university  or  college  would  provide  at  least  four  weeks 
of  in-classroom  academic  instruction,  primarily  in  trigonometry  and  precalculus. 
They  also  offered  instruction  in  computer  fvmdamentals,  physics  or  chemistry 
and  some  form  of  communication  skills. 

During  die  past  three  to  four  years,  however,  the  program  has  undergone  an 
evaluation  which  has  reduced  the  numbers  of  participating  universities  and 
students. 

Currently  there  are  four  universities  and  approximately  250  students 


participating,  as  shown  below: 

Universitv 

Summer  1989 

Summer  1990 

Delaware 

40 

55 

Detroit 

34 

60 

New  Mexico 

125 

113 

Long  Beach 

none 

30 

Each  school  establishes  its  own  selection  criteria.  The  minimum 
requirements  are  generally  a  "B"  in  all  high  school  academic  subjects 
(college-prep),  appropriate  letters  of  reference,  and  some  form  of  demonstrated 
interest  in  a  mathematics-based  curricula.  Some  schools  also  require  preliminary 
college  board  scores  if  available.  The  program  is  open  to  all  disadvantaged 
students,  regardless  of  racial/ ethnic  origin  in  high  school  grades  9  through  12, 
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and  may  participate  for  more  than  1  year.  Approximately  98  percent  of  the 
students  are  minorities,  including  large  numbers  of  Hispanics  and  American 
Indians.  The  program  includes  a  provision  for  each  school  to  foUow-up  with 
contacts  with  the  students  during  the  high  school  academic  year. 

Other  programs  of  a  similar  nature  are  offered  by  colleges  and  universities 
across  the  country.  These  programs  are  often  called  Minority  Introduction  to 
Engineering  (MITE).  During  the  early  part  of  the  Army  program,  the  contractor, 
the  Jxinior  Engineering  Technical  ^ciety  (JETS),  also  supported  the  MITE 
programs.  However,  it  was  believed  that  the  MITE  programs  to  be  unfocused 
and  not  containing  enough  academic-based  mathematics  education.  As  a  result, 
it  was  decided  to  concentrate  on  a  few  universities  to  assure  that  the  program 
was  rigorous  and  productive. 


Cost 


The  program  costs  $150,000  per  year  (up  from  $100,000  a  couple  of  years 
ago).  For  250  students,  this  equates  to  approximately  $600  per  student. 


Legal  Authority 

The  UNITE  is  funded  by  a  grant  to  the  JETS,  which  then  pays  the  participant 
schools  a  stipend.  This  is  a  science  and  engineering  interest  t5q?e  program. 
There  is  no  employment  or  research  and  development  accomplished.  These 
programs  are  funded  annually  on  a  continuing  basis.  Specific  authorizing 
statutes  have  not  been  found  (see  Appendix  D,  pages  7  and  8). 


Evaluation 


As  part  of  our  evaluation  of  this  program,  we  asked  the  project  manager  for 
the  Army  Research  Office  whether  this  program  should  be  expanded.  The 
project  manager  gave  a  qualified  yes.  He  then  suggested  it  be  done  very  slowly 
and  carefully.  We  also  asked  whether  he  had  any  evidence  concerning  the 
program's  success.  He  responded  that  few  of  the  participants  completed  a 
baccalaureate  degree  in  science  or  engineering. 


Overall  Assessment 

Altiiough  the  program's  objectives  are  lofty,  they  have  not  yet  been 
translated  into  measurable  benefits.  The  instability  of  the  program  over  the  past 
several  years  appears  to  be  a  factor  in  its  lack  of  success. 
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Its  contribution  to  employing  the  science  and  engineering  pool  appears 
negligible.  There  are  other  minority  students  in  the  population  that  have  better 
high  school  preparation  and  would  benefit  in  greater  measure  from  this  type  of 
program. 


Research  and  Engineering  Apprenticeship 
Program 

Military  Service/ Defense  Agency 

Army 


Reporting  Unit 


Army  Research  Office 


Administering  Office 

Academy  of  Applied  Science,  Concord,  N.H.  (contractor) 


Contact 


Mr.  Donald  Rollins,  Army  Research  Office,  (919)  549-0641 


Objective 


To  provide  a  cooperative  education  (work/study)  program  that  gives 
hands-on  experience  to  high  school  students  who  may  enter  and  complete  basic 
education  in  science  and  engineering. 


Description 


This  program  gives  academically  capable  and  socially  and  economically 
disadvantaged  students  an  8-week  summer  work/  study  experience  with  pay  in 
a  university  laboratory. 

The  Research  and  Engineering  Apprenticeship  Program  (REAP)  provides  a 
summer  work/ study  experience  that  assists  students  to  remain  in  high  school, 
provide  new  insights  into  science  and  engineering  careers,  and  to  encourage 
them  to  enter  a  college  program  of  science  and  engineering  education. 
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The  program  started  in  1980  with  55  participants;  and  has  since  grown  to 
116  participants  at  55  universities  in  1990.  Each  student  is  assigned  to  a 
university  professor  who  serves  as  the  student's  mentor.  Some  mentors  have 
two  or  more  students,  but  most  of  them  have  only  one. 

All  high-school  students  are  eligible  for  the  program,  however  most  of  the 
participants  are  juniors  and  seniors.  Rising  college  freshmen  also  are  eligible. 
Once  accepted  into  tihe  program,  the  student  may  remain  in  the  program  until 
they  start  to  college. 

Students  work  with  their  assigned  mentor  in  a  university  laboratory  during 
the  summer  for  a  period  of  at  least  8  weeks.  They  also  are  encouraged  to 
develop  a  continuing  relationship  throughout  high  school  and  beyond.  In  1989, 
the  distribution  of  participants  was:  20  high  school  freshmen,  14  sophomores, 
53  juniors,  and  28  seniors. 


Cost 


The  program  costs  $250,000  per  year.  The  cost  per  student  is  nominally 
$2,500,  which  is  typically  split  between  the  mentor  and  the  student.  In  some 
cases,  die  mentor  forgoes  any  payment  and  appUes  it  toward  an  additional 
student.  No  money  goes  to  the  universities.  Some,  in  fact  obtain  funds  from 
other  sources  to  support  more  students. 


Legal  Authority 

REAP  is  funded  by  a  grant  to  the  Academy  of  AppHed  Science,  which  pays 
the  participants  a  stipend.  Title  10  U.S.C.,  Section  2358,  permits  the  expenditure 
of  funds  for  grants  and  studies  in  furtherance  of  miUtary  research  activities. 
Title  5  U.S.C.,  Chapter  41,  establishes  guidelines  for  training  federal  employees. 
Those  statutes,  along  with  DoD  Instruction  3218.1,  DoD  Science  and 
Apprenticeship  Program  for  High  School  Students,  July,  1981  provides  specific 
authority  and  procedures. 


Evaluation 


This  program  is  based  on  the  premise  that  many  socially  and  economically 
disadvantaged  students,  who  are  doing  weU  in  high  school  and  are  capable  of 
pursuing  a  course  in  science  or  engineering  in  college,  need  nurturing  and 
exposure  to  the  careers  of  scientists  and  engineers.  These  students  do  not  need 
remedial  education.  This  program  attracts  minority  as  well  as  white 
disadvantaged. 

Neither  the  Navy  nor  the  Air  Force  participate  in  this  program  or  support 
similar  programs.  Many  REAP  students  could  be  encouraged  to  participate  in 
other  DoD  intervention  programs,  including  high  school  apprenticeship 
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programs,  summer  work  programs,  and  cooperative  education,  as  well  as  intern 
programs  following  graduation  from  college. 


Overall  Assessment 

The  program  has  significant  merit  and  should  be  considered  for  expansion, 
not  only  within  the  Army,  but  the  in  other  Military  Services  as  well. 


Minorities  in  Engineering  Program 

Military  Service/ Defense  Agency 

Navy 


Reporting  Unit 


Naval  Air  Development  Center 


Administering  Office 

Naval  Air  Development  Center 


Contact 


Ms.  Lois  Savage,  Naval  Air  Development  Center,  (215)  441-3061/2 


Objective 


To  interest  local  high  school  students  in  science  and  engineering  professions 
and  in  the  Naval  Air  Development  Center  (NADC)  as  a  potential  employer. 


Description 


This  program  identifies  and  assists  minority  high-school  students  in 
learning  more  about  the  research  and  development  that  takes  place  at  the  Naval 
Air  Development  Center,  Warminster,  Pennsylvania. 

Through  teachers  and  counselors  in  nearby  high  schools,  NADC  identifies 
students  who  have  at  least  a  2.5  grade-point  average  and  are  interested  in 
science  and  engineering.  NADC  then  invites  those  students  to  8  to  12  2-hour 
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sessions  at  NADC  during  the  academic  year.  At  those  sessions  at  NADC 
personnel  describe  their  work  and  present  introductory  classes  (sessions)  on 
engineering,  computer  programming,  career  planning,  electronics  and  project 
accomplishment.  The  2-hour  sessions  are  held  during  the  day  approximately 
every  two  weeks.  As  a  result,  therefore,  students  must  be  excused  from  class  in 
order  to  attend,  which  sometimes  causes  difficulties  in  coordinating  the  sessions 
with  the  schools.  Parents  are  invited  to  an  initial  reception  and  for  a  graduation 
ceremony  at  the  end  of  the  academic  year. 

The  NADC  are  staff  apparently  has  considerable  enthusiasm  for  the 
program,  however,  they  have  difficulty  finding  the  students,  because  they  need 
to  work  through  the  school  bureaucracy.  They  have  found  it  essential  to  have 
contact  with  a  good  teacher  in  the  high  school  to  help  identify  and  encourage  the 
students.  The  participation  of  the  parents  is  also  essential. 

In  addition  to  helping  minority  students  prepare  for  and  complete  college  in 
science  and  engineering,  NADC's  ultimate  objective  is  to  identify  and  hire  future 
employees. 


Cost 


The  program  cost  $3,000  in  FY89  for  25  students,  or  about  $120  per  student. 


Legal  Authority 

The  MEP  is  funded  from  in-house  funds.  This  is  a  science  and  engineering 
interest  type  program.  There  is  no  employment  or  research  and  development 
accomplished.  These  programs  are  fiinded  annually  on  a  continuing  basis. 
Specific  authorizing  statutes  have  not  been  found  (see  Appendix  D,  pages  7 
and  8). 


Evaluation 


This  program  appears  to  be  managed  and  conducted  by  very  committed 
personnel,  but  it  suffers  from  lack  of  continuity  and  fimding.  We  suggest  that 
NADC  examine  the  REAP  program  sponsored  by  the  Army  (ARO),  through  the 
Academy  of  Applied  Sciences,  as  an  example  of  a  summer  program  with  winter 
continuity  along  the  lines  of  a  high  school  apprenticeship  program.  We  also 
suggest  they  get  in  touch  with  the  Office  of  Naval  Research,  who  sponsors  the 
SEAP  program  through  George  Washington  University. 

This  program  should  be  expanded.  It  should  be  offered  in  the  summer  as  a 
high  school  apprenticeship  program  with  pay,  using  the  sessions  at  the 
laboratories  during  the  academic  year  to  assure  continuity  with  the  students. 
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Overall  Assessment 


The  program  has  significant  promise  but  it  needs  to  be  focused  on  paid 
summer  apprenticeships. 


Navy  High  School  Apprenticeship  Program 

Military  Service/ Defense  Agency 

Navy 


Reporting  Unit 


Office  of  Naval  Research 


Administering  Office 

Office  of  Naval  Research 


Contact 


Ms.  Debora  Hughes,  Office  of  Naval  Research,  (703)  696-4108 


Objective 


To  interest  high  school  students  in  studying  science  and  engineering  in 
college,  and  to  acquaint  them  with  state-of-the-art  laboratory  techniques  through 
hands-on  experience. 


Description 


This  program  provides  academically  capable  high  school  students  with 
eight  to  ten  weeks  of  paid  summer  work/study  experience  in  university 
laboratories.  It  is  aimed  to  minorities  and  women  but  others  may  participate. 

The  program  uses  principal  investigators,  who  are  working  on  existing 
Navy  research  contracts,  to  reach  high  school  students  that  are  both 
academically  able,  but  xmder-represented  in  science  and  engineering.  The 
investigators  attract  and  manage  one  or  more  interested  high  school  students. 
The  Navy  funds  this  program  by  providing  additional  grant  dollars  to  existing 
Navy  research  contracts. 
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The  program  started  in  1981  with  a  few  participants  and  has  grown  to 
90  participants  in  1990.  All  high  school  students  are  eligible,  including  rising 
college  freshmen.  Once  accepted  into  the  program,  students  are  eligible  to 
remain  until  they  start  college. 

Students  work  with  their  assigned  mentor  in  the  respective  laboratory  for  a 
period  of  at  least  8  to  10  weeks  during  the  summer,  for  35  hours  per  week.  Each 
student  receives  a  stipend  from  the  university,  so  he  or  she  is  not  on  the 
government  payroll. 

The  investigators  keep  in  touch  with  their  students  during  the  winter  and  in 
some  cases  permit  the  students  to  work  a  few  hours  each  week.  These 
arrangements  are  made  between  the  investigator  and  the  student,  without  any 
Navy  participation  or  support. 


Cost 


The  program  cost  $180,000  in  FY89  for  90  students,  or  about  $2,000  per 
student. 


Legal  Authority 

The  program  is  funded  by  grants  to  vmiversities,  which  in  turn  pay  the 
participants  a  stipend.  Title  10  U.S.C.,  Section  2358,  permits  the  expenditure  of 
funds  for  grants  and  studies  in  furtherance  of  military  research  activities.  Title  5 
U.S.C.,  Chapter  41,  establishes  guidelines  for  training  Federal  employees.  These 
statutes,  along  with  DoD  Instruction  3218.1,  DoD  Science  and  Apprenticeship 
Program  for  High  School  Students,  July  1981,  provide  specific  authority  and  pro¬ 
cedures. 


Evaluation 


The  Office  of  Naval  Research  strongly  believes  that  this  program  is  much 
better  than  other  precollege  programs  that  provide  only  superficial  exposure  to 
research  activities;  the  hands-on  experience  is  particularly  important.  The 
program  has  low  overhead,  and  all  funds  are  applied  to  student  stipends.  It  also 
appears  to  be  ably  managed  and  successful. 


Overall  Assessment 

The  program  has  significant  merit  and  should  be  considered  for  expansion. 
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Science  and  Engineering  Apprenticeship  Program 

Military  Service/ Defense  Agency 

Navy 


Reporting  Unit 


Office  of  Naval  Research 


Administering  Office 

George  Washington  University,  Washington,  D.C.  (contractor) 


Contact 


Ms.  Debra  Hughes,  Office  of  Naval  Research,  (703)  696-4108 


Objective 


To  interest  high  school  students  in  studying  science  and  engineering  in 
college. 


Description 


This  program  provides  academically  outstanding  students  an  8-week 
summer  work/  study  experience  with  pay  in  Army  and  Navy  laboratories;  it  also 
includes  some  high  school  teachers  to  aid  in  administering  the  program. 

The  program  seeks  to  attract  outstanding  high  school  students,  principally 
from  the  Washington,  D.C.  area,  to  perform  scientific  research  in  Army  and 
Navy  laboratories  for  8  weeks  in  the  summer.  George  Washington  University 
administers  the  program  at  23  laboratories. 

Started  in  1979,  the  program  has  grown  to  include  671  participants  in  1989. 
Each  participant  is  assigned  to  a  laboratory  researcher  who  serves  as  tire 
student's  mentor.  At  20  of  the  larger  laboratories,  high  school  teachers  help  to 
administrator  the  programs;  they  also  obtain  hands-on  experience  which  they 
carry  back  to  the  classrooms. 
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All  high  school  students  are  eligible,  including  rising  coUege  freshmen. 
Once  accepted  into  the  program,  students  are  eligible  to  remain  in  the  program 
until  they  start  to  coUege. 

Each  student  receives  a  stipend  from  George  Washington  University,  not 
from  the  government.  Mentors  may  have  more  than  one  student,  and  have 
expressed  support  for  the  program  —  they  request  continuation  and  return  of 
previous  students. 


Cost 


The  program  cost  $1.2  million  in  FY89  for  671  students,  (or  about  $1,800  per 
student).  The  laboratory  commanders  often  augment  program  funding  from 
laboratory  sources. 


Legal  Authority 

The  SEAP  is  funded  by  a  grant  to  George  Washington  University,  which 
then  pays  the  participants  a  stipend.  Title  10  U.S.C.,  Section  2358,  permits  the 
expenditure  of  funds  for  grants  and  studies  in  furtherance  of  military  research 
activities.  Title  5  U.S.C.,  Chapter  41,  establishes  guidelines  for  trcdning  Federal 
employees.  Those  statutes,  along  with  DoD  Instruction  3218.1,  DoD  Science  and 
Apprenticeship  Program  for  High  School  Students,  July  1981,  provide  specific 
authority  and  procedures. 


Evaluation 


This  program  appears  to  be  ably  managed  and  is  very  successful.  It  also 
could  be  linked  to  other  programs,  such  as  the  Cooperative  Education  Program 
and  Government  intern  programs  following  graduation  from  college. 


Overall  Assessment 

The  program  has  significant  merit  and  should  be  considered  for  expansion. 


Navy  Science  Awards  Program 

Military  Service/ Defense  Agency 

Navy 
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Reporting  Unit 


Office  of  Naval  Research 


Administering  Office 

Science  Services  Inc.,  Washington,  D.C.  (contractor) 


Contact 


Ms.  Barbara  Thurman,  Office  of  Naval  Research,  (703)  696-4108 


Objective 


To  encourage  high  school  students  to  consider  careers  in  science  and 
engineering. 


Description 


This  program  awards  prizes  at  science  fairs.  It  encourages  high  school 
students  to  develop  an  interest  in  science  and  engineering  by  rewarding 
scientific  achievement  demonstrated  at  local  and  national  science  fairs. 

At  local  fairs,  the  Navy  and  Marine  Corps  reservists  present  certificates  for 
first,  second,  and  tihird  places;  first  place  winners  also  receive  a  leather  attache 
case. 

The  Navy  awards  three  $8,000  scholarships  and  two  $3,000  scholarships  to 
national  winners.  It  also  awards  25  trips  to  visit  San  Diego  Naval  Research  and 
Development  facihties. 

At  the  annual  International  Science  and  Engineering  Fair  sponsored  by 
Science  Service,  Inc.,  tihe  Navy  awards  four  $10,000  scholarships  plus  five 
all-expense-paid  trips  to  London,  England,  to  attend  the  London  International 
Youth  Science  Fortnight. 


Cost 


The  program  cost  $200,000  in  FY89  for  participation  in  about  400  science 
fairs  nationwide. 
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Legal  Authority 


The  program  is  funded  by  a  grant  to  Science  Service,  Inc.,  which  in  turn 
pays  aU  the  costs.  This  is  a  science  and  engineering  interest  type  program. 
There  is  no  employment  or  research  and  development  accomplished.  These 
programs  are  fimded  annually  on  a  continuing  basis.  Specific  authorizing 
statutes  have  not  been  found  (see  Appendix  D,  pages  7  and  8);  although 
SECNAVINST  5720.19F,  9  October  1986  provides  Department  of  Navy  authority 
and  implementing  instructions. 


Evaluation 


This  program  aids  in  stimulating  interest  in  science  and  engineering  as  a 
career  and  in  building  good  will  for  the  Navy  and  Marine  Corps. 

The  Office  of  Naval  Research  is  currently  reviewing  the  program  to 
determine  if  it  could  reallocate  some  of  the  travel  funds  to  more  scholarships.  It 
has  also  expressed  interest  in  upgrading  the  quality  of  the  Navy  and  Marine 
Corps  judges. 

The  Navy  makes  no  attempt  to  foUow  up  those  students  that  either  win 
scholarships  or  come  close  to  winning  with  opportunities  for  getting  into  high 
school  apprenticeship  programs  or  later  into  the  college  Cooperative  Education 
Program  or  Naval  Reserve  Officer  Training  Corps. 


Overall  Assessment 

The  program  has  significant  merit,  but  the  Navy  need  to  assure  that  funds 
being  expended  have  some  payback.  Better  record  keeping  of  participants  and 
follow-up  would  be  very  helpful.  The  program  review  by  the  Office  of  Naval 
Research  is  very  timely. 
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Air  Force  High  School  Apprenticeship  Program 

Military  Service/ Defense  Agency 

Air  Force 


Reporting  Unit 

Office  of  Scientific  Research 


Administering  Office 

Research  and  Development  Laboratories,  Inc.,  Culver  City,  Calif. 


Contact 


Lt.  Col.  Claude  Cavender,  Office  of  Scientific  Research,  (202)  767-4970 


Objective 


To  stimulate  the  interest  of  high  school  students  in  pursuing  careers  in 
science  or  engineering  by  allowing  them  to  work  on  technical  projects  in  Air 
Force  laboratories. 


Description 


This  program  provides  academically  outstanding  students  an  8-week 
summer  work/ study  experience  with  pay  in  an  Air  Force  laboratory,  and 
interests  them  in  studying  science  and  engineering  in  college.  The  students  are 
provided  a  work/ study  experience  that  assists  fiiem  financially  to  remain  in 
high  school,  to  provide  new  insights  into  science  and  engineering  careers,  and  to 
encourage  them  to  enter  a  college  program  of  science  or  engineering  education. 

Tailored  after  existing  Army  programs,  the  Air  Force  apprenticeship 
program  was  started  in  1986  with  42  students;  it  had  133  students  in  1990.  Each 
student  is  assigned  to  a  laboratory  researcher,  who  serves  as  the  student's 
mentor.  They  work  with  their  assigned  mentor  in  one  of  15  Air  Force 
laboratories. 

AU  high  school  students  are  eligible,  including  rising  college  freshmen. 
Once  accepted  into  the  program,  students  may  remain  until  they  start  college. 
Each  student  is  an  employee  of  the  contractor,  not  the  government. 
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Cost 


The  program  cost  $180,000  in  FY89  for  103  students,  or  about  $1,750  per 
student.  The  laboratory  commanders  believe  this  program  to  be  so  effective  diat 
they  often  augment  the  Office  of  Scientific  Research  funding  with  some 
additional  money  from  laboratory  sources. 


Legal  Authority 

The  Air  Force  High  School  Apprenticeship  Program  is  funded  by  a  grant  to 
Research  and  Development  Laboratories,  Inc.,  which  pays  all  participants  a 
stipend.  Title  10  U.S.C.,  Section  2358,  permits  the  expenditure  of  funds  for 
grants  and  studies  in  furtherance  of  military  research  activities,  while 
Title  5  U.S.C.,  Chapter  41,  establishes  guidelines  for  training  federal  employees. 
Those  statutes,  together  with  DoD  Instruction  3218.1,  DoD  Science  and 
Apprenticeship  Program  for  High  School  Students,  July  1981,  provide  specific 
authority  and  procedures. 


Evaluation 


This  program  was  started  somewhat  later  than  the  Army  and  Navy 
programs  of  similar  focus.  However,  it  has  grown  rapidly  at  the  request  of  the 
mentors  and  laboratory  management.  It  appears  to  be  ably  managed  and  to 
achieve  its  stated  objectives.  Nevertheless,  the  Air  Force  does  not  have  formal 
follow-up  procedures  to  encourage  participation  in  more  advanced  programs, 
such  as  summer  employment  or  the  Cooperative  Education  Program. 


Overall  Assessment 

The  program  has  significant  merit  and  should  be  considered  for  expansion. 


Texas  Pre-Freshman  Engineering 

Military  Service/ Defense  Agency 

Defense  Mapping  Agency 


Reporting  Unit 


Defense  Mapping  Agency 
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Administering  Office 

University  of  Texas,  San  Antonio,  Tex.  (contractor) 


Contact 


Dr.  Manuel  P.  Berriozabel  (University  of  Texas),  (512)  691-4496/5530 


Objective 


To  identify  and  encourage  promising  middle  and  high  school  students  with 
an  interest  in  science  and  engineering  to  pursue  careers  in  those  fields. 


Description 

Each  summer  the  University  of  Texas  offers  academically  able  minority  high 
school  students  an  opportunity  to  receive  8-  to  10-weeks  of  instruction  in  science 
and  engineering  subjects  at  14  locations  throughout  the  state.  Only  students 
with  a  "B"  average  are  accepted. 

The  subjects  covered  include  mathematics,  introduction  to  engineering, 
computer  science,  probabihty,  physics,  and  problem  solving.  The  students  can 
progress  to  more  advanced  course  work  each  summer,  up  to  three  summers.  All 
courses  are  centrally  plarmed  but  locally  administered. 

Since  1979,  when  the  program  started,  approximately  79  percent  of  the 
students  have  been  minority.  The  University  of  Texas  estimates  that  53  percent 
of  the  students  attending  the  1990  sessions  qualified  for  school  limch 
programs,  which  is  fairly  representative  of  the  areas  were  the  instruction  was 
offered.  A  1990  survey  showed  that  87  percent  of  previous  participants  were 
attending  college  and  57  percent  were  majoring  in  science  or  engineering. 

Both  the  Air  Force  and  Navy  send  recent  academy  graduates,  who  are 
awaiting  assignments,  to  serve  as  instructors.  They  in  turn  provide  excellent 
instruction  and  outstanding  role  models  for  the  students. 

School  counselors,  teachers,  and  high  school  board  members  encourage 
students  to  attend  this  program.  At  some  locations,  students  are  turned  away 
because  there  of  a  shortage  of  teachers.  The  program  is  viewed  locally  as  a  very 
prestigious  program. 

The  program  director.  Dr.  Manuel  Berriozabel,  will  complete  die 
preparation  of  curriculum  materials  by  1992,  so  they  could  be  used  by  other 
programs. 
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Some  of  the  characteristics  of  this  program  include: 

♦  Select  students  who  are  high  achievers. 

♦  Special  effort  to  recruit  women  and  minority  students. 

♦  High  but  reasonable  expectations  from  students. 

♦  Conducted  in  a  college  environment. 

♦  An  academic  enrichment  program  stressing  topics,  and  subjects,  tihat  are 
important  for  success  in  high  school  and  college. 

♦  Well  organized  and  highly  structured  program. 

♦  Involvement  of  parents,  counselors,  and  teachers. 

♦  Development  and  maintenance  of  external  linkages. 

♦  Extensive  tracking  and  foUow-up. 

♦  Significant  involvement  of  minority  professionals  and  staff  members. 

Cost 


The  Defense  Mapping  Agency  provided  $37,000  to  this  program  in  FY89, 
which  pays  for  the  counselors  and  teachers.  The  total  cost  of  the  program  in 
1989  was  $1,776,000,  for  1,096  students.  Most  of  the  funding  for  this  program  is 
from  contributions.  Texas  does  not  contribute  any  educational  funds. 


Legal  Authority 

The  Defense  Mapping  Agency  contribution  is  provided  as  a  grant.  This  is  a 
science  and  engineering  interest  type  program.  There  is  no  employment  or 
research  and  development  accomplished.  These  programs  are  funded  annually 
on  a  continuing  basis.  Specific  authorizing  statutes  have  not  been  fotmd  (see 
Appendix  D,  pages  7  and  8). 


Evaluation 


This  program  appears  to  be  managed  and  conducted  by  very  committed 
and  capable  personnel.  It  should  serve  for  as  a  model  for  other  programs.  It  is 
an  academic  program,  not  a  hands-on,  laboratory-based  program.  This  program 
provides  a  valid  alternative  to  a  lab-based  program  by  providing  a  fundamental 
academic  foundation  for  academically  capable,  but  disadvantaged  youth.  It  can 
still  be  improved,  however.  The  funding  is  not  very  reliable,  depending 
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primarily  on  contributions.  It  also  does  not  have  any  formal  procedures  for 
maintaining  ties  with  the  students  during  the  subsequent  academic  term. 


Overall  Assessment 

The  program  appears  very  successful.  It  is  a  professional,  rigorous  program 
that  has  demonstrated  its  viability.  The  program  could  be  expanded  to  serve  as 
a  model  nation-wide. 
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Annex  B-2 


Undergraduate  Programs 


Undergraduate  Programs 


Science  and  Engineering  Cooperative  Program 

Military  Service /Defense  Agency 

Army 


Reporting  Unit 


Headquarters,  U.S.  Army 


Administering  Office 

U.S.  Army  Personnel  Command,  in  cooperation  with  U.S.  Army  Cadet 
Command 


Contact 

Ms.  Penny  Berardelli,  U.S.  Army  Personnel  Command,  (703)  325-4462;  Ma¬ 
jor  Barry  Cave,  U.S.  Army  Cadet  Command,  (804)  727-3909/2873. 

Objective 


To  provide  new  Reserve  Component  Army  officers  with  science  and 
engineering  backgrounds,  and  to  recruit  new  scientists  and  engineers  into  the 
Army's  laboratory  workforce. 


Description 


This  program  assists  students  to  complete  baccalaureate  degrees  in  science 
and  engineering  while  alternating  work  at  Army  laboratories  in  the  summer 
with  their  studies.  Students  participate  in  the  Army  Reserve  Officer  Training 
Corps  (ROTC)  program  while  at  school,  accepting  a  commission  in  either  the 
Army  National  Guard  or  U.S.  Army  Reserve  at  graduation  with  an  eight-year 
military  service  obligation.  All  participants  are  required  to  maintain 
membership  in  a  Reserve  Component  while  a  full-time  federal  civilian  employee 
in  a  Government  laboratory. 
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Each  year,  the  Army  trains  more  personnel  through  its  ROTC  program  than 
can  be  brought  on  active  duty.  Those  extra  ROTC  students  are  then 
commissioned  into  the  Army  National  Guard  or  U.S.  Army  Reserve,  but  do  not 
have  an  active  duty  commitment.  Instead,  they  are  available  to  work  as  civilian 
employees  in  the  Army. 

The  program  provides  students  in  science  and  engineermg  curricula  with 
up  to  $5,000  per  year  in  tuition  assistance  in  addition  to  a  monthly  senior  ROTC 
stipend.  It  also  provides  part-time  employment  at  facilities  at  the  GS-2  to  GS-5 
wage  level.  In  return,  the  student  signs  a  commitment  to  work  for  the 
government  for  a  designated  period  of  time,  (depending  on  the  length  of 
curriculum  followed)  following  graduation.  This  program  was  initiated  in  1984 
on  a  trail  basis.  In  1990,  the  Army  had  130  students  enrolled.  If  the  Army  cannot 
offer  the  graduate  a  suitable  job  at  the  time  of  graduation  and  commissioning, 
the  participant  retains  only  the  eight-year  service  obligation  in  the  Army  Na¬ 
tional  Guard  or  U.S.  Army  Reserve. 


Cost 


This  program  cost  $1.3  million  m  FY89  for  147  students,  or  about  $9,000  per 
student. 


Legal  Authority 

Tide  5  U.S.C.  provides  authority  for  training  of  government  employees. 
These  students  are  hired  into  government  service  just  like  a  regular  Cooperative 
Education  Program  student,  under  Schedule  B  m  accordance  with  5  CFR 
213.3202(a)  and  FPM  308.  This  regulation  also  permits  conversion  of  the 
Schedule  B  appointment  to  competitive  service  (career  or  career-conditional)  at 
any  time  within  a  120-day  period  following  satisfactory  completion  of  a 
career-related,  work  study  program. 


Evaluation 


This  is  a  novel  program  that  targets  a  population  of  science  and  engineering 
students  that  otherwise  might  not  become  Federal  civilian  employees  after 
graduation.  It  appears  to  be  quite  popular  and  successful. 


Overall  Assessment 

An  excellent  program  that  the  other  Military  Services  should  consider 
adopting. 
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Naval  Air  Development  Center  Cooperative 
Education  Program 

Military  Service/ Defense  Agency 

Navy- 


Reporting  Unit 


Naval  Air  Development  Center 


Administering  Office 

Naval  Air  Development  Center 


Contact 


Ms.  Barbara  Ward,  Naval  Air  Development  Center,  (215)  441-2796 


Objective 


To  provide  an  effective  recruiting  source  to  meet  long-range  engineering 
staffing  goals,  to  support  equal  employment  opportunities  objectives,  to  permit 
selections  for  career  jobs  based  on  proven  performance,  to  bring  new  educational 
methods  and  concepts  into  the  workforce,  and  to  strengthen  relationships 
between  educational  institutions  and  at  Naval  Air  Development  Center  (NADC). 


Description 


This  program  assists  students  to  complete  their  baccalaureate  degrees  in 
science  and  engineering  by  alternating  work  at  NADC  and  classroom 
instruction.  Students  may  elect  to  become  full-time  employees  at  NADC  upon 
graduation. 

The  Cooperative  Education  Program  (COOP)  at  NADC  was  started  32-years 
ago.  It  provides  a  progressive  work/ study  program  for  associate  degrees  in 
technical  areas,  and  baccalaureate  and  graduate  degrees  in  science  and 
engineering. 

All  participants  must  have  satisfactorily  completed  their  first  year  of  study. 
They  can  alternate  between  working  and  studying  full-time,  or  they  may  work  a 
minimum  number  of  hours  each  week,  while  continuing  to  attend  school. 
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NADC  does  not  have  a  written  agreement  with  participating  colleges  and 
universities. 

Headquarters  Navy  has  supported  this  program  in  the  past,  and  has  set 
aside  centralized  funds  for  minorities,  who  must  meet  the  same  criteria  as  other 
participants. 

NADC  currently  has  only  63  students  enrolled  in  the  program,  down  from 
nearly  200  in  the  past.  Approximately  2-years  ago  the  Navy  instituted  a 
"management  to  payroll"  system,  which  establishes  employment  ceilings.  With 
this  system,  however,  supervisors  are  reluctant  to  set  aside  valuable  billets  for 
COOP  students  (NADC  typically  hires  75  scientists  or  engineers  each  year).  As  a 
result,  the  future  of  this  program  is  now  in  doubt. 

An  advantage  of  the  COOP  program  is  the  government  commitment  to 
permit  participants  to  convert  from  the  program  to  competitive  service 
employment  after  college  graduation.  This  can  even  be  done  during  a  hiring 
freeze,  which  provides  even  more  assurance  that  NADC  will  meet  its  personnel 
needs. 


Cost 


The  program  cost  $305,000  in  FY89  for  63  students,  or  about  $5,000  per 
student. 


Legal  Authority 

Title  5  U.S.C.  provides  authority  for  training  of  government  employees. 
Participants  are  hired  into  government  service  under  Schediile  B  in  accordance 
with  5  CFR  213.3202(a)  and  FPM  308.  This  regulation  also  permits  conversion  of 
the  Schedule  B  appointment  to  competitive  service  (career  or  career-conditional) 
at  any  time  within  a  120-day  period  after  satisfactory  completion  of  a 
career-related,  work-study  program. 


Evaluation 


This  program  appears  to  be  well  managed  and  conducted  by  very 
committed  personnel.  However,  the  new  accounting  rules  for  managing  the 
civilian  payrolls  are  severely  reducing  this  program  in  the  last  2  years. 

Nonetheless  this  program  brings  large  numbers  of  quality  scientists  and 
engineers  into  the  DoD  civilian  workforce  at  the  baccalaureate  level,  and 
encourages  minorities  and  women  to  become  scientists  and  engineers  as  well  as 
civilian  employees. 
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Overall  Assessment 


The  program  is  very  good.  It  should  be  expanded  so  that  it  could  satisfy  the 
majority  of  NADCs  new  scientist  and  engineer  manpower  needs.  To  do  so, 
however,  the  Office  of  Personnel  Management  would  need  to  approve  excluding 
COOP  students  from  civilian  ceilings. 


Federal  Junior  Fellowship  Program 

Military  Service/ Defense  Agency 

Navy 


Reporting  Unit 


Naval  Research  Laboratory 


Administering  Office 

Naval  Research  Laboratory 


Contact 


Ms.  Maragaret  Copeland,  Naval  Research  Laboratory,  (202)  404-7955 


Objective 


To  provide  superior  students  with  an  opportunity  to  earn  money  for  college 
and  to  learn  about  their  chosen  careers  through  related  work  experience  study. 


Description 


Principally  for  college-level  students,  this  provides  employment  during 
vacations  and  breaks  to  students  specializing  in  science  and  engineering.  Only 
academically  gifted  students  with  economic  need  are  ehgible  for  the  program. 

The  program  employs  high  school  and  college  students  during  the  summer 
months,  on  school  breaks,  and  as  schedules  permit  during  the  school  year.  All 
students  are  brought  into  Schedule  B  positions,  which,  Hke  the  COOP  program, 
participants  can  be  converted  to  competitive  service  when  they  complete  their 
degrees.  Only  two  students  participated  in  this  program  during  FY90. 
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Cost 


The  program  cost  $18,440  in  FY89  for  four  students,  or  about  $4,600  per 
student. 


Legal  Authority 

Title  5  U.S.C.  provides  for  hiring  civilian  employees  of  the  Federal 
Government.  The  students  in  the  program  are  hired  under  5  CFR  213.3202f, 
which  brings  them  into  the  excepted  service  as  Schedule  B  employees. 


Evaluation 


This  program  focuses  on  scientific  and  engineering  disciplines  at  the  Naval 
Research  Laboratory.  Students  are  limited  to  1,040  hours  per  year  during 
vacations  and  breaks.  This  program  works  for  a  very  small  population.  It 
provides  good  recruiting  opportunities  (rather  than  at  campuses)  and  helps 
students  obtain  baccalaureate  degrees  in  science  and  engineering.  The  eligibility 
restrictions  are  so  narrow,  however,  that  very  few  students  apply  or  are  hired. 


Overall  Assessment 

This  program  has  good  objectives,  but  it  could  be  replaced  by  other 
programs  that  reach  more  students. 


Naval  Research  Laboratory  Cooperahve 
Education  Program 

Military  Service/ Defense  Agency 

Navy 


Reporting  Unit 


Naval  Research  Laboratory 


Administering  Office 

Naval  Research  Laboratory 
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Contact 


Ms.  Margaret  Copeland,  Naval  Research  Laboratory,  (202)  404-7955 


Objective 


To  provide  NRL  with  a  continuing  source  of  entry-level  engineers  and 
scientists. 


Description 


This  program  provides  part-time  employment  to  students  who  are  pursuing 
a  baccalaureate  degree  in  the  fields  of  engineering,  computer  science,  or  the 
physical  sciences.  It  is  carried  out  in  accordance  witfi  a  planned  schedule  and  a 
working  agreement  between  the  Naval  Research  Laboratory  (NRL)  and  the 
educational  institution. 

The  Cooperative  Education  Program  (CCKDP)  exposes  students  to  career 
opportunities  in  the  fields  of  science  and  engineering,  the  work  environment, 
and  the  people  who  work  in  those  fields.  It  also  helps  to  pay  school  expenses. 

Students  alternate  periods  of  full-time  employment  with  full-time  classroom 
work,  although  part-time  work  schedules  also  are  allowed  providing  that  such 
assignments  satisfy  the  academic  cooperative  education  curriculum.  While 
following  a  part-time  work  schedule,  students  must  continue  to  be  enrolled  in 
school  on  a  full-time  basis.  Students  may  not  work  more  than  2,600  hours 
during  2  consecutive  years. 

Upon  completion  of  all  requirements  for  a  bachelor's  degree  and  with  the 
recommendation  of  the  supervisor,  the  student's  portion  may  be  converted  to  a 
permanent  appointment  at  either  the  GS-5  or  GS-7  level. 

The  educational  institutions  refer  prospective  COOP  students  to  NRL.  All 
qualified  students  are  then  referred  to  NRC  managers  based  on  yearly  surveys  of 
personnel  needs.  The  managers  may  interview  students  who  live  outside  the 
Washington,  D.C.  area  by  telephone,  and  conduct  personal  interviews  with  local 
students.  They  also  select  the  students  that  meet  their  personnel  requirements. 

This  is  a  large  program  at  NRL  as  approximately  90  students  participated  in 
FY90,  down  from  143  in  FY87.  Between  60  to  70  percent  of  the  graduates  convert 
successfully  to  full-time  employment.  The  program  could  be  expanded  greatly, 
as  NRL  receives  many  more  applications  that  it  can  accept. 
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Cost 


The  program  cost  $699,622  in  FY89  for  119  students,  or  about  $6,000  per 
student. 


Legal  Authority 

Tide  5  U.S.C.  provides  authority  for  training  of  government  employees. 
Participants  are  hired  into  government  service  under  Schedule  B  in  accordance 
with  5  CFR  213.3202(a)  and  FPM  308.  This  regulation  also  permits  conversion  of 
the  Schedule  B  appointment  to  competitive  service  (career  or  career-conditional) 
at  any  time  within  a  120-day  period  following  satisfactory  completion  of  a 
career-related,  work-study  program. 


Evaluation 


The  program  has  significant  merit  and  should  be  considered  for  expansion. 
We  are  concerned  about  the  recent  reduction  in  the  numbers  of  participants 
because  of  stated  budget  reasons,  attributed  to  the  "manage  to  pa5nroU"  system 
used  by  Navy  laboratories.  This  program  could  provide  a  larger  share  of  NRL's 
baccalaureate  degree  needs  and  reduce  its  need  to  recruit  at  colleges  and 
universities  every  year. 


Overall  Assessment 

This  program  appears  to  be  ably  managed,  but  it's  not  achieving  its  full 
potential. 


1,040  Hour  Appointment  Program 

Military  Service/ Defense  Agency 

Navy 


Reporting  Unit 


Naval  Research  Laboratory 


Administering  Office 

Naval  Research  Laboratory 
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Contact 


Ms.  Pamela  Cutchember,  Naval  Research  Laboratory,  (202)  767-3030 


Objective 


To  supplement  the  Naval  Research  Laboratory's  subprofessional  staff,  to 
encourage  students  to  seek  permanent  employment  upon  graduation,  and  to 
expose  students  to  a  work  environment  in  their  field  of  study. 


Description 


This  program  provides  employment  to  science  and  engineering  students 
during  vacations  and  breaks.  All  appointments  are  in  the  excepted  service, 
which  negates  competitive-hiring  procedures. 

Students  work  up  to  1,040  hours  per  year  during  year  during  vacations  and 
breaks.  They  can  be  recruited  after  graduation,  but  cannot  be  automatically 
placed  in  a  competitive  position. 


Cost 


The  program  cost  $372,688  in  FY89  for  about  80  students,  or  about  $4,650  per 
student. 


Legal  Authority 

Title  5  U.S.C.  provides  for  hiring  civilian  employees  of  the  Federal 
Governments,  imder  5  CFR  213.3102q,  which  brings  them  into  the  excepted 
service  as  Schedrde  A  employees. 


Evaluation 


This  is  a  good  program.  It  provides  good  recruiting  opportunities  and  helps 
students  obtain  baccalaureate  degrees  in  science  and  engineering  fields. 

However,  it  lacks  a  formal  mentor/ student  relationship  that  is  so  successful 
in  other  programs. 


Overall  Assessment 

A  very  good  program  that  could  be  expanded. 
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Historically  Black  Colleges  and 
Universities/ Minority  Institutions  Program 

Military  Service/ Defense  Agency 

Navy 


Reporting  Unit 


Office  of  Naval  Research 


Administering  Office 

Office  of  Naval  Research 


Contact 


Dr.  Bruce  Robinson,  Office  of  Naval  Research 


Objective 


To  increase  tiie  number  and  quality  of  minority  college  students  in  science 
and  engineering,  with  a  long-term  goal  of  preparing  minority  students  to  pursue 
graduate  study  in  critical  science  and  engineering  fields. 


Description 

This  program  provides 

♦  grants  to  black  and  minority  institutions  as  part  of  the  Navy's  set-aside 
program  for  small  and  disadvantage  businesses  to  obtain  research  and 
development  of  interest  to  the  Navy. 

♦  grants  to  black  colleges  to  improve  their  science  and  engineering 
educational  programs  by  upgrading  curriculum  and  faculty,  bringing  in 
visiting  faculty,  providing  scholarships,  and  recruiting  rmdergraduates  from 
high  schools. 

Although  the  program  has  been  in  place  since  1979,  it  was  redirected  in  1989 
to  focus  directly  on  improved  and  expanded  educational  opportunities  for 
imdergraduates  in  science  and  engineering.  Under  that  redirection,  the  Office  of 
Naval  Research  made  six  grants  in  1989,  totaling  $2.8  million  to  the  following 
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institutions:  Clark  College,  Florida  A&M  University,  Grambling  State 

University,  Hampton  University,  Lincoln  University,  and  Xavier  University. 

The  Office  of  Naval  Research  plans  to  repeat  grants  for  a  total  of  5  years. 
The  objective  of  tihe  grants  is  to  assess  the  programs  effectiveness  in  increasing 
the  numbers  of  minority  students  who  pursue  graduate  science  and  engineering 
degrees. 


Cost 


The  total  program  cost  in  FY89  was  $7.5  million  (about  $4.7M  in  research 
grants  and  $2.8M  in  educational  grants. 


Legal  Authority 

Title  10  U.S.C.,  Section  2358  provides  authority  for  research  and 
development  grants,  while  the  educational  grants  come  under  Executive  Order 
12677  which  specifically  directs  support  of  historically  black  colleges  and 
xmiversities,  and  specifies  support  of  "...  alternative  sources  of  faculty  talent, 
particularly  in  the  fields  of  science  and  technology  . . ." 

Additionally,  other  statutes  authorize  initiatives  to  aid  historically  black 
colleges  and  universities  and  minority  institutions,  including  Title  20  U.S.C., 
Chapter  28,  Section  1060  and  Title  42  U.S.C.,  Chapter  16,  Section  1885. 


Evaluation 


The  research  portion  of  ttiis  program  is  not  a  science  and  engineering 
intervention  program  as  defined  in  this  study.  The  educational  part  of  the 
program  is  designed  to  assist  black  colleges  and  universities  to  increase  the 
number  of  their  science  and  engineering  students  who  go  on  to  graduate  school. 
However,  the  newness  of  the  program  precludes  an  evaluation  at  this  time. 


Overall  Assessment 

Impossible  to  assess  at  this  time. 
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Air  Force  Cooperative  Education  Program 

Military  Service/ Defense  Agency 

Air  Force 


Reporting  Unit 


Headquarters,  U.S.  Air  Force 


Administering  Office 

Directorate  of  Personnel 


Contact 


Ms.  Sharman  Thornton,  Directorate  of  Personnel,  (202)  693-7832/7834 


Objective 


To  integrate  academic  studies  and  federal  work  experience  for  the  purpose 
of  broadening  students'  knowledge  of  their  chosen  career  field  in  the  Air  Force. 


Description 


This  program  assists  students  to  complete  baccalaureate  degrees  in  science 
and  engineering  while  gaining  valuable  work  experience  at  Air  Force  facilities. 
Employment  is  available  at  tiie  end  of  the  program. 

For  many  years,  the  Air  Force  has  had  an  extensive  Cooperative  Education 
Program  (COOP),  through  which  students  can  earn  associate  degrees  in  techni¬ 
cal  areas,  and  baccalaureate  and  graduate  degrees  in  science  and  engineering. 
Currently,  1,242  students  are  enrolled  as  COOP  students,  down  from  1,700  in 
1988. 

Under  die  program,  students  can  alternate  their  work  and  study,  or  they  can 
work  a  minimum  number  of  hours  each  week  while  going  to  school  at  the  same 
time.  The  Air  Force  uses  a  written  agreement  with  aU  participating  colleges  and 
tmiversities. 

The  Air  force  is  about  to  establish  a  centrally  managed  and  funded  science 
and  engineering  COOP  program  that  is  targeted  on  minorities.  This  special 
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program  would  sponsor  20  students  per  year,  but  no  fimds  has  yet  been 
provided. 


Cost 


The  Air  Force  could  not  provide  an  estimate  of  the  cost  of  this  program. 


Legal  Authority 

Title  5  U.S.C.  provides  audiority  for  training  of  government  employees, 
while  5  CFR  213.3203(a)  and  FPM  308  authorizes  the  hiring  of  COOP  students 
under  Schedule  B.  This  regulation  also  permits  conversion  of  the  Schedule  B 
appointment  to  competitive  service  (career  or  career-conditional)  at  any  time 
withia  a  120-day  period  following  satisfactory  completion  of  a  career-related, 
work-study  program. 


Evaluation 


This  program  is  not  managed  as  aggressively  as  are  similar  Navy  programs. 
The  Air  Force  does  not  provide  either  centralized  guidance  or  advertising.  Some 
Air  Force  representatives  are  concerned  about  the  recent  down-turn  in  the 
number  of  participants.  The  two  most  Hkely  explanations  are  the  downsizing  of 
the  Air  Force  and  the  way  payroll  and  personnel  positions  are  managed  (where 
temporary  positions  count  toward  personnel  ceilings). 


Overall  Assessment 

The  program  is  good,  but  not  as  well  managed  as  the  Navy's.  More 
centralized  support  is  needed.  It  could  be  expamded  back  to  previous  levels  so 
as  to  supply  die  majority  of  the  Air  Forces's  new  scientist  and  engineer  man¬ 
power  needs.  The  Air  Force  also  should  increase  its  efforts  to  encourage  minori¬ 
ties  and  women  to  participate  through  the  centralized  targeted  pool  of  funds  as 
in  the  Navy. 

In  order  to  assure  its  future  success,  OPM  approval  is  needed  to  exclude 
COOP  students  from  civilian  ceilings  as  with  odier  programs,  such  as 
stay-in-school,  summer  employment,  etc. 

The  program  has  a  long  history  of  successfully  attracting  qualified  scientists 
and  engineers  to  Federal  employment.  Its  future,  however,  may  not  be  so  bright. 
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Annex  B-3 


Graduate  Programs 


Graduate  Programs 


Graduate  Study  Award  Program 

Military  Service/ Defense  Agency 

Navy 


Reporting  Unit 


Naval  Air  Development  Center 


Administering  Office 

Naval  Air  Development  Center 


Contact 


Mr.  Edward  Calvello,  Naval  Air  Development  Center,  (215)  441-1020 


Objective 


To  give  selected  Naval  Air  Development  Center  (NADC)  employees  an 
opportunity  to  acquire  critical,  urgently  required,  graduate-level  education  in 
science  or  engineering. 


Description 


This  program  provides  NADC  employees  an  opportunity  to  attend  leading 
graduate  schools  for  the  purpose  of  obtaining  state-of-the  art  technical  educa¬ 
tion,  leading  to  a  master's  or  doctorate  in  science  or  engineering. 

AH  NADC  employees  with  a  minimum  of  1  year  of  service  are  eligible  to 
apply.  They  need  a  recommendation  from  their  supervisor,  acceptance  from  a 
school  of  their  choice  in  a  field  of  study  meeting  NADC's  needs,  and  approval 
by  a  screening  committee. 

For  those  employees  enroUed  at  the  masteP s  level,  the  program  provides 
9  months  of  schooling,  with  fuU  tuition,  salary,  and  relocation  expenses.  Above 
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the  master's  level,  the  program  provides  18  months  of  schooling  with  the  same 
expenses  paid.  All  participants  must  sign  an  agreement  stating  that  they  will 
pay  back  each  year  of  education  with  3  years  of  service. 

If  required,  the  participants  must  obtain  waivers  to  exceed  the  Office  of 
Personnel  Management's  1-year  limit  on  the  length  of  training  received  at 
Government  expense  during  the  first  10  years  of  service  and  its  2-year  training 
limit  during  the  current  10  years  of  service.  Those  waivers  are  usually  obtained 
widi  little  difficulty. 

The  program  encourages  minority  and  female-staff  members  to  participate. 
In  FY89,  the  program  included  four  women  and  five  males. 


Cost 


The  program  cost  $800,000  in  FY89  for  21  students,  or  about  $38,000  per 
student. 


Legal  Authority 

Title  5  gives  the  audtority  for  Government  support  of  education  and  train¬ 
ing  of  government  employees.  Federal  Personnel  Manual,  Chapter  410,  provides 
the  implementing  regulations. 


Evaluation 

This  program  appears  to  be  well  managed.  It  also: 

♦  Provides  large  numbers  of  quality  science  and  engineering  employees  with 
advanced  technical  education  in  support  of  NADC's  mission. 

♦  Encourages  minorities  and  women  to  obtain  advanced  degrees  as  part  of 
NADC'S  technical  workforce. 

♦  Retains  participants  after  completing  school  for  a  committed  period  of 
time  —  3  -  6  years  —  as  part  of  NADC's  workforce. 


Overall  Assessment 

This  is  an  excellent  program,  which  could  be  expanded.  It  could  meet  most 
of  NADC's  requirements  for  scientists  and  engineers  with  advanced  degrees.  It 
also  provides  opportunities  for  minorities  and  women. 
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Graduate  Fellowship  Program 


Military  Service/ Defense  Agency 

Navy- 


Reporting  Unit 


Office  of  Naval  Research 


Administering  Office 

American  Society  for  Engineering  Education  (contractor) 


Contact 


Ms.  Debora  Hughes,  Office  of  Naval  Research,  (703)  696-4108 


Objective 


To  increase  the  pool  of  U.S.  scientists  and  engineers  trained  at  the  doctoral 
level  and  able  to  work  on  science  and  engineering  issues  of  critical  national 
concern. 


Description 


This  program  assists  recent  graduates  with  bachelor's  degrees  to  pursue 
doctorates  in  designated  science  and  engineering  areas  at  accredited  U.S.  col¬ 
leges  and  universities. 

Started  in  1982,  this  program  provides  a  3-year  grant  to  selectees  (2  years  for 
course  work  and  1  year  for  research)  leading  to  a  doctorate.  Each  must  suggest 
an  original  research  topic,  and  may  attend  a  school  of  choice. 

AppHcations  are  submitted  to  the  American  Society  of  Engineering 
Education  (ASEE),  which  establishes  11  panels  of  experts  (by  discipline)  to 
review  them.  The  Office  of  Naval  Research  approves  the  composition  of  the 
panels  and  has  one  of  its  research  officers  on  each  panel.  The  panels  rank  the 
students  on  the  basis  of  ability,  credentials,  and  potential,  with  minority 
applicants  provided  a  special  evaluation.  The  Office  of  Naval  Research  reviews 
and  approves  the  ranking  and  ASEE  provides  the  grants. 
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In  1990, 863  students  appUed  for  grants,  but  150  were  ineligible  because  they 
had  already  started  on  master's  programs.  Of  the  remainder,  50  were  selected, 
with  about  a  10  percent  turndown  rate.  Minorities  were  well  represented  in  the 
group  of  50:  five  of  six  Hispanics  accepted;  one  American  Indian  and  one  Pacific 
Islander  were  offered  grants,  and  they  both  accepted;  but  three  of  the  fotrr  blacks 
offered  grants  declined. 

The  3-year  grants  are  good  over  a  5-year  period.  If  necessary,  students  can 
work  for  a  year  to  increase  their  income  or  take  care  of  personnel  needs  and  still 
complete  their  education  within  ihe  5-year  period.  The  program's  attrition  rate 
is  ordy  7  percent  over  the  period  of  the  grant.  Most  students  state  that  they 
would  not  have  finished  the  program  without  the  assistance. 


Cost 


The  program  cost  $4,000,000  in  FY89  for  150  enrollees,  or  about  $27,000  per 
student  per  year. 


Legal  Authority 

Title  10  U.S.C.,  Section  2358,  permits  the  expenditure  of  funds  for  grants  and 
studies  in  furtherance  of  military  research  activities. 


Evaluation 


This  program  appears  to  meet  the  Navy's  objectives  of  increasing  the 
numbers  of  scientists  and  engineers,  trained  at  the  Ph.D.  level.  However,  we  do 
not  see  any  emphasis  on  tailoring  research  towards  the  Navy's  requirements  or 
recruiting  the  graduates  to  perform  research  for  the  Navy.  We  believe  that  the 
ASEE  review  panels  could  add  interest  in  Navy  research  issues  to  their 
deliberations  with  little  trouble.  That  action  would  have  the  secondary  benefit  of 
making  the  students  knowledgeable  of  Navy  research  and  development 
objectives,  which  could  result  in  them  receiving  research  grants  following  receipt 
of  their  doctorate. 


Overall  Assessment 

This  is  a  good  program.  Nonetheless,  we  beUeve  tiiat  it  could  be  more 
closely  focused  on  Navy  research  and  development  needs. 
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Palace  Knight/Palace  Acquire  Intern  Programs 

Military  Service/ Defense  Agency 

Air  Force 


Reporting  Unit 


Headquarters,  U.S.  Air  Force 


Administering  Office 

Air  Force  Civilian  Personnel  Management  Center,  San  Antonio,  Texas 


Contact 


Mr.  Edward  Lee,  Air  Force  Civilian  Personnel  Management  Center,  (512) 
652-2252 


Objective 


To  attract  and  retain  high-quality  science  and  engineering  employees. 


Description 


Although  quite  similar,  these  programs  have  slightly  different  structures 
and  focuses: 

♦  PALACE  ACQUIRE  offers  high-quality  college  graduates  in  science  and 
engineering  intern  positions  in  Air  Force  laboratories  along  with  a 
commitment  to  send  them  to  graduate  school  to  obtain  a  master's  degree 
during  the  3-year  intern  period. 

♦  PALACE  KNIGHT  offers  exceptionaUy  high-quaUty  college  graduates  in 
science  and  engineering  GS-7  positions  in  Air  Force  laboratories  along  with 
a  commitment  to  send  them  to  graduate  school  immediately  to  obtain  a 
master's  degree  and  a  follow-on  commitment  to  provide  additional 
graduate  education  toward  a  Ph.D.  degree. 

The  PALACE  ACQUIRE  program  started  in  1986,  with  the  PALACE 
KNIGHT  program  beginning  in  FY90.  The  PALACE  ACQUIRE  candidates  must 
have  a  college  grade  point  average  of  3.1,  and  PALACE  KNIGHT  candidates 
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must  have  a  3.25.  Candidates  must  be  accepted  into  a  graduate  program  of 
interest  to  the  Air  Force  before  they  are  considered  for  hire.  They  also  must 
agree  to  work  for  the  Government  for  a  period  equal  to  three  times  &e  length  of 
the  graduate  training. 

The  PALACE  ACQUIRE  program  brings  participants  into  an  intern  pro¬ 
gram  where  they  receive  on-the-job  training  for  the  first  year.  During  the  second 
year,  they  attend  college  to  receive  a  master's  degree.  Then  they  return  to  the 
laboratories  for  one  additional  year  of  on-the-job  training  before  receiving 
permanent  assignments  in  the  laboratory. 

Under  PALACE  KNIGHT,  participants  report  directly  to  a  college  for  a 
period  of  12  months  to  obtain  a  master's  degree.  Then  they  are  assigned  to 
specific  jobs  in  a  laboratory.  Within  three  years,  they  are  sent  back  to  college  to 
obtain  a  Ph.D.  degree. 

In  the  first  year  of  the  PALACE  KNIGHT  program,  FY90,  the  Air  Force's 
goal  was  to  hire  40  individuals.  Those  selected  had  a  grade  point  average  of  3.7 
and  average  Scholastic  Aptitude  Test  scores  of  1,300.  The  Air  Force's  long  term 
objective  is  to  hire  100  employees  through  this  program  each  year  for  the  next 
5  years.  The  Air  Force  centrally  funds  this  program,  as  well  as  accoxmts  for  Ihe 
personnel  positions  (which  means  that  the  laboratories  do  not  have  to  use  their 
spaces  for  the  students).  The  laboratories  must,  however,  assure  that  a  space 
win  be  there  when  the  students  complete  their  course  work. 


Cost 


PALACE  ACQUIRE  cost  $709,453  in  1989  for  49  employees,  or  about  $15,000 
each,  excluding  salaries.  The  cost  of  PALACE  KNIGHT  was  not  available. 

Legal  Authority 

Tide  5  provides  authority  for  training  of  government  employees. 
Participants  are  hired  into  government  service  as  career  employees  under  direct 
hiring  authority  and  sent  to  training  m  accordance  to  procedures  authorized  in 
the  Federal  Personnel  Manual,  Chapter  410. 


Evaluation 


These  programs  are  centrally  managed  and  funded.  Their  objectives  are 
excellent  and  PALACE  ACQUIRE  appears  to  be  succeeding.  It  is  stiU  too  early 
to  assess  the  contribution  of  PALACE  KNIGHT.  One  of  the  keys  to  that  success 
is  whether  the  civil  service  rules  will  permit  the  Air  Force  to  award  two  years  of 
college  at  the  Ph.D.  level.  The  Air  Force  is  working  with  the  Office  of  the 
Secretary  of  Defense  and  the  Office  of  Personnel  Management  to  obtain  this 
flexibility. 


B-3-8 


Overall  Assessment 


These  programs  are  very  good  and  could  serve  as  models  for  the  other 
Military  Services.  They  bring  science  and  engineering  employees  into  the 
workforce  and  increase  the  quality  of  the  science  and  engineering  personnel 
employed  by  the  Government.  The  central  funding  and  accounting  for 
personnel  spaces  are  keys  to  their  early  successes. 


Air  Force  Research  in  Aero  Propulsion 
Technology  Program 

Military  Service/Defense  Agency 

Air  Force 


Reporting  Unit 


Office  of  Scientific  Research 


Administering  Office 

Office  of  Scientific  Research 


Contact 


Lt.Col.  Claude  Cavender,  Office  of  Scientific  Research,  (202)  767-4970. 


Objective 


To  increase  the  number  of  U.S.  scientists  and  engineers  educated  at  the  doc¬ 
toral  level  on  aero  propulsion  technology. 


Description 


This  program  provides  for  a  graduate-level  cooperative  study  program  in¬ 
volving  five  universities  and  five  gas  turbine  engine  companies.  The  participant 
completes  graduate  coursework  and  research  at  one  of  the  universities,  and  also 
serves  as  an  industrial  trainee  at  one  of  the  companies.  Approximately  two- 
thirds  of  the  participants  pursue  a  master's  degree.  All  participants  receive  a  sti¬ 
pend  of  $1,400  per  month,  plus  full  tuition. 
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Applications  are  reviewed  and  evaluated  by  both  the  companies  and  xini- 
versities.  In  1989,  23  offers  were  made  and  14  were  accepted.  Final  approval 
and  offers  are  made  by  AF/ OSR.  At  the  end  of  their  work/  study  program,  each 
participant  sends  the  Air  Force  a  report  which  often  corresponds  to  their  thesis 
or  dissertation. 


Cost 


This  program  cost  $908,000  in  FY89  for  45  enrollees,  or  about  $21,000  per 
student  per  year. 


Legal  Authority 

Tide  10  U.S.C.,  Section  2358,  permits  the  expenditure  of  funds  for  grants  and 
studies  in  furtherance  of  military  research  activities.  Participants  are  not  federal 
civilian  employees.  They  receive  grants  covering  a  stipend,  tuition,  and  ex¬ 
penses. 


Evaluation 


This  program  focuses  on  a  specific  Air  Force  research  requirement.  In  doing 
so,  the  Air  Force  obtams  pertinent  research  results,  assures  a  steady  supply  of 
highly-trained  science  and  engineering  personnel  in  a  particular  field,  and  main¬ 
tains  good  communication  with  academia  and  gas  turbine  companies. 

This  program  also  seems  to  be  very  weU  organized  and  operated. 


Overall  Assessment 

This  is  a  good  program.  As  a  result  of  this  program,  it  clearly  helps  to  im¬ 
prove  the  number  of  scientists  and  engineers  trained  in  propulsion  technology 
which  can  directly  benefit  the  Air  Force. 


Graduate  Student  Research  Program 

Military  Service/ Defense  Agency 

Air  Force 
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Reporting  Unit 


Office  of  Scientific  Research 


Administering  Office 

Research  and  Development  Laboratories,  Inc.  (Contractor) 


Contact 


LtCol.  Claude  Cavender,  Office  of  Scientific  Research,  (202)  767-4970 


Objective 


To  provide  graduate  students  a  means  to  participate  in  research  at  an  Air 
Force  laboratory;  stimulate  continuing  professional  association  among  graduate 
students,  faculty  advisors,  and  Air  Force  technical  personnel;  further  the  re¬ 
search  objectives  of  the  Air  Force;  and  expose  graduate  students  to  potential  the¬ 
sis  topics. 


Description 


This  research  program  introduces  the  academic  community  to  the  research 
and  technology  requirements  of  the  Air  Force;  it  also  establishes  a  continuing  re¬ 
lationship  between  academia  and  the  Air  Force. 

This  program  is  related  to  an  Air  Force  postdoctoral  program:  Summer  Fac¬ 
ulty  Research  Program  (SFRP).  Graduate  students  work  with  faculty  research¬ 
ers,  who  are  supported  through  the  SFRP,  at  Air  Force  laboratories  during  the 
summer  break.  The  SFRP  faculty  are  encouraged  to  bring  graduate  students 
along  to  assist  them  in  their  research;  those  students  are  then  generally  accepted 
by  the  Air  Force  in  its  Graduate  Students  Research  Program.  When  a  faculty 
member  cannot  or  does  not  bring  a  graduate  student,  then  the  Air  Force  selects 
other  graduate  students  as  to  aid  the  faculty  member.  The  graduate  students  as¬ 
sist  the  faculty  members  accomplish  their  research  during  a  10-week  summer  pe¬ 
riod.  The  contractor  hires  aU  faculty  members  and  graduate  students  as 
consultants 

There  are  approximately  100  graduate  students  assigned  to  Air  Force  labora¬ 
tories  each  summer.  The  graduate  students  were  added  to  this  program  in  1982. 
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Cost 


The  program  cost  $810,000  in  FY89  for  100  students,  or  about  $8,100  per  stu¬ 
dent. 


Legal  Authority 

Tide  10  U.S.C.,  Section  2358  permits  the  expenditure  of  funds  for  grants  and 
studies  in  furtherance  of  mihtary  research  activities. 


Evaluation 


This  program  appears  to  satisfy  the  Air  Force's  objectives  of  developing 
awareness  in  the  academic  community  of  its  research  and  development  interests 
and  requirements.  It  also  assists  Ihe  graduate  students  to  pursue  their  advanced 
degrees. 

The  program  also  seems  to  be  very  well  organized  and  operated.  The  Air 
Force  clearly  is  pleased  with  the  program,  as  are  the  participants  based  upon  the 
numbers  of  applicants. 


Overall  Assessment 

This  is  a  good  program.  Nonetheless,  the  Air  Force  has  no  evidence  that 
any  of  these  personnel  ever  become  Federal  employees  or  in  particular,  work  for 
the  Air  Force. 
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Annex  B-4 


Postdoctoral/Faculty  Programs 


Postdoctoral/ Faculty  Programs 


National  Research  Council  Postdoctorate 
Research  Associateship  Program 

Military  Service/Defense  Agency 

Department  of  Defense 


Reporting  Unit 


Participating  Military  Services  and  Defense  Agencies 


Administering  Office 

National  Research  Council  of  the  National  Academy  of  Sciences  (contractor) 


Contact 


Dr.  Arnold  E.  Schwartz,  National  Research  Council,  (202)  334-2787. 


Objective 


To  provide  postdoctoral  scientists  and  engineers  of  unusual  promise  and 
ability  opportunities  for  research  on  problems,  largely  of  their  own  choice,  that 
are  of  interest  to  the  sponsoring  DoD  laboratories. 


Description 


This  program  provides  2-year  grants  to  postdoctoral  researchers  who 
received  their  degree  within  the  past  5  years.  The  participants  are  assigned  to 
DoD  laboratories  for  purposes  of  conducting  hands-on  research  and 
development  in  Defense  critical  mission  areas.  The  grants  range  from  $27,150  to 
$35,000,  depending  on  the  laboratory.  The  National  Research  Council  actually 
makes  the  grants  from  funds  made  available  by  the  laboratories. 

Each  applicant  submits  a  research  proposal  to  a  laboratory  or  directly  to  the 
National  Research  Council.  The  Council  establishes  technical  panels  to  review 
and  grade  the  proposals.  The  applicant  list  in  order  of  rank  is  then  sent  to  the 
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laboratories  for  their  final  selection.  Applicants  must  be  selected  in  the  order 
determined  by  the  National  Council. 

The  National  Research  Coimcil  receives  approximately  1,100  applications 
each  year,  and  approves  800  to  900.  About  400  awards  are  made  annually. 

The  laboratories  that  participate  in  this  program  include  the:  Naval 
Research  Laboratory,  Navy  Oceanographic  and  Atmospheric  Research 
Laboratory,  Navy  Ocean  Systems  Center,  Navy  Postgraduate  School,  Army 
Research  Office,  Air  Force  Office  of  Scientific  Research  and  the  Defense  Nuclear 
Agency.  Others  may  have  participants,  but  did  not  report  this  program  to  OSD. 

The  Naval  Research  Laboratory,  for  example,  received  66  applications  in 
1988.  The  National  Research  Council  approved  54,  and  the  laboratory  accepted 
22.  Laboratory  representatives  estimate  that  they  hire  about  25  percent  of  the 
researchers  each  year. 


Cost 


Total  program  costs  are  not  known;  stipends  range  from  $27,150  to  $35,000 
for  each  participant. 


Legal  Authority 

Title  10  U.S.C.,  Section  2358,  permits  the  expenditure  of  funds  for  grants  and 
studies  in  furtherance  of  military  research  activities. 


Evaluation 


This  program  has  one  primary  objective:  to  identify  postdoctoral 
researchers  who  can  do  high-quality  research  in  areas  of  vital  interest  to  the 
DoD.  It  apparently  is  satisfying  that  objective. 


Overall  Assessment 

This  is  a  good  program  and  warrants  expansion  to  other  laboratories 
throughout  the  DoD. 
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Laboratory  Research  Cooperative  Program 


Military  Service/Defense  Agency 

Army 


Reporting  Unit 


Army  Research  Office 


Administering  Office 

Battelle  (contractor) 


Contact 


Mr.  Hodges  Throckmorton,  Army  Research  Office,  (919)  549-0641 


Objective 


To  solve  scientific  and  technical  problems  common  among  Government 
laboratories,  advance  the  state  of  the  art  within  the  discipline  under  study,  and 
foster  an  awareness  of  Government  programs  available  to  universities. 


Description 


This  program  assists  Army  laboratories  to  solve  technical  problems  by 
augmenting  laboratory  staff  with  college  and  university  faculty  for  3-month 
periods. 

A  Government  laboratory  identifies  research  work  that  it  needs  to  perform 
and  a  researcher  who  is  capable  of  carrying  out  the  research.  If  a  researcher  is 
not  known  to  the  laboratory,  it  may  ask  the  Army  Research  Office  to  suggest 
potential  researchers.  The  laboratory  then  sends  a  statement  of  work  to  the 
Army  Research  Office  along  with  the  funds  to  accomplish  the  work.  That 
statement  of  work  is  then  forwarded  to  Battelle,  which  completes  the  contractual 
arrangements.  All  researchers  are  subcontractors  to  the  Army  Research  Office. 
Researchers  are  not  required  to  be  U.S.  citizens;  they  also  accomplish  mostly 
unclassified  work.  At  the  end  of  the  project,  the  researcher  submits  a  report  to 
the  laboratory. 
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Cost 


The  LRCP  cost  $141,000  in  FY90  for  10  faculty  members,  or  about  $14,000 
per  faculty. 


Legal  Authority 

Title  10  U.S.C.,  Section  2358,  permits  the  expenditure  of  funds  for  grants  and 
studies  in  furtherance  of  military  research  activities. 


Evaluation 


This  program  is  not  an  intervention  program  for  the  purpose  of  increasing 
the  numbers  of  scientists  and  engineers  or  of  improving  the  quality  of  scientists 
and  engineers. 


Overall  Assessment 

This  program  should  not  be  included  in  this  project. 


Summer  Faculty  Research  and  Engineering 
Program 


Military  Service/Defense  Agency 

Army 


Reporting  Unit 


Army  Research  Office 


Administering  Office 

Battelle  (contractor) 


Contact 


Mr.  Hodges  Throckmorton,  Army  Research  Office,  (919)  549-0641 
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Objective 


To  further  research  interests  of  the  U.S.  Army,  stimulate  conamunication 
between  faculty  members  and  Army  professionals,  and  enhance  research 
capabilities  of  scientists  from  educational  institutions. 


Description 


This  program  promotes  collaborative  research  and  exchange  of  information 
among  university,  college,  and  Army  scientists  and  engineers  by  hiring  faculty 
members  to  work  at  Army  laboratories  during  the  summer. 

Announcements  listing  the  general  disciplines  and  subdisciplines  of  interest 
to  Army  laboratories  are  sent  widely  to  colleges,  universities,  technical 
institutions,  community  colleges,  and  past  participants.  All  interested 
researchers  send  their  applications  directly  to  Battelle.  In  turn,  Battelle  forwards 
the  applications  to  the  appropriate  laboratories,  which  review  the  applications 
and  select  the  researchers  that  best  meet  their  requirements.  The  scope  of 
research  interests  by  the  laboraties  is  quite  broad.  Some  laboratories  define 
actual  research  projects,  while  other  laboratories  design  tasks  around  researchers 
selected.  Each  laboratory  funds  researchers  that  it  hires. 

This  program  started  in  1983.  Approximately  50  percent  of  the  researchers 
participated  previously.  Each  researcher  is  paid  $800  per  week  plus  a  per  diem 
under  a  subcontract  to  Battelle.  At  the  end  of  the  research,  each  a  researcher 
submits  a  report  to  the  Army  laboratory  and  to  Battelle.  The  numbers  of 
participants  since  1987  have  averaged  slightly  more  than  100  each  summer. 


Cost 


This  program  cost  $1,220,000  in  FY90  for  113  faculty,  or  about  $11,000  per 
faculty  (the  Army,  however,  indicated  that  the  researchers  averaged  $10,000  in 
salary  and  another  $5,000  in  per  diem). 


Legal  Authority 

Title  10  U.S.C.,  Section  2358,  permits  the  expenditure  of  funds  for  grants  and 
studies  in  furtherance  of  military  research  activities. 


Evaluation 


This  program  is  similar  to  programs  operated  by  the  Navy  and  Air  Force 
which  bring  in  college  and  university  faculty  to  accomplish  research  in  service 
laboratories.  The  Army  program  also  does  not  appear  to  operate  as  effectively  as 
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the  Air  Force  program.  UrJike  the  Air  Force  program,  however,  the  Army  does 
not  include  graduate  students  together  with  the  principal  researcher.  Therefore, 
a  valuable  opportunity  to  help  graduate  students  as  well  as  to  cultivate  future 
Army  employees  is  lost. 


Overall  Assessment 

This  program  misses  an  opportunity  to  focus  research  and  to  recruit 
outstanding  graduate  students. 


Women  Sciences  Scholars  Program 

Military  Service/Defense  Agency 

Navy 


Reporting  Unit 


Office  of  Naval  Research 


Administering  Office 

Bunting  Institute  of  Radcliffe  College,  Cambridge,  Massachusetts 
(contractor) 


Contact 


Ms.  Debora  Hughes,  Office  of  Naval  Research,  (703)  696-4108. 


Objective 


To  encourage  continued  research  and  study  in  defense-critical  areas,  by 
women  that  recently  received  doctorate  degrees. 


Description 


This  program  gives  women  researchers  an  opportunity  to  further  their 
research  in  their  field  for  a  period  of  one  year. 
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Each  applicant  submits  a  research  proposal  along  with  a  collaboration 
statement  that  explains  the  relationship  of  the  research  to  be  performed  and  the 
university  laboratory  where  it  will  be  accomplished.  At  the  end  of  the  research 
period,  the  Navy  is  provided  a  report  on  the  results  of  the  research.  The 
program  has  been  in  existence  since  1980. 

All  applicants  must  have  received  a  Ph.D.  within  the  past  two  years,  be  a 
U.S.  citizen,  and  relate  the  proposed  project  to  further  development  of  women  in 
that  area  of  research. 

The  Bunting  Institute  supports  the  research  of  about  45  women  in  various 
disciplines.  The  Navy  grant  supports  8  of  those  45.  Within  the  past  two  years, 
the  Navy  has  attempted  to  tailor  the  research  that  it  funds  to  more  closely  match 
its  requirements.  The  results  of  this  effort  are  not  yet  clear. 


Cost 


The  WSS  cost  $174,000  in  FY89,  for  eight  selectees,  or  about  $22,500  per 
student  per  year. 


Legal  Authority 

Title  10  U.S.C.,  Section  2358,  permits  the  expenditure  of  funds  for  grants  and 
studies  in  furtherance  of  military  research  activities. 


Evaluation 


This  program  has  an  important  objective  to  assist  new  women  scientists  and 
engineers  to  accomplish  postdoctoral  research  in  their  fields  and  thereby  provide 
them  better  capabilities  to  compete  in  their  fields.  During  the  early  years  of  the 
program,  the  Bunting  Institute  did  not  necessarily  select  students  to  do  research 
that  the  Navy  could  use.  The  Navy  basically  got  no  product  for  their  money. 

Since  1988,  however.  Bunting  has  changed  and  its  new  administration  is 
closer  with  the  Navy  to  correct  the  sort  comings. 


Overall  Assessment 

This  is  a  good  program  and  achieve  its  objectives.  Nonetheless,  we  agree 
with  the  navy  that  the  research  it  sponsors  needs  to  be  more  closely  tied  to  its 
requirements. 
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Young  Investigator  Program 

Military  Service/Defense  Agency 

Navy 


Reporting  Unit 


Office  of  Naval  Research 


Administering  Office 

Office  of  Naval  Research 


Contact 


Dr.  Donald  Polk,  Office  of  Naval  Research,  (703)  696-4103 


Objective 


To  encourage  continued  research  and  study,  by  recent  scientists  and 
engineers  who  recently  were  awarded  doctorate  degrees. 


Description 


This  program  provides  3-year  grants  scientists  and  engineers  to  perform 
research  in  areas  of  interest  to  the  Navy.  The  participants,  all  whom  received  a 
Ph.D.  within  the  proceeding  5  years,  are  provided  $50,000  to  $75,000  a  year.  The 
grant  does  not  include  the  cost  of  equipment,  but  it  does  cover  the  cost  of 
graduate  assistants.  The  grant  goes  directly  to  the  college  or  university.  All 
participants  must  be  in  a  tenure  track  at  a  university  and  perform  campus-based 
research. 

To  apply  for  a  grant,  the  researcher  submits  a  proposal  to  the  Office  of  Na¬ 
val  Research,  which  then  makes  the  final  selection.  The  Office  of  Naval  Research 
awarded  13  new  grants  in  FY90. 

The  hope  is  for  a  long-term  relationship  for  these  researchers  to  do 
continuing  research  for  the  Navy.  The  Navy  gets  the  product  of  the  research. 
Selections  are  not  targeted  in  anyway.  Women  and  Hispanics  are  in  the 
program,  however,  in  small  numbers.  Applicants  have  never  turned  down 
selections. 
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Cost 


This  program  cost  $2,500,000  in  FY89  for  about  44  participants,  or  $57,000 
for  each  participant. 


Legal  Authority 

Title  10  U.S.C.,  Section  2358,  permits  the  expenditure  of  funds  for  grants  and 
studies  in  furtherance  of  military  research  activities. 


Evaluation 


This  program  has  an  important  objective:  to  identify  highly-trained  re¬ 
searchers  to  perform  research  in  areas  of  vital  interest  to  the  Navy.  It  appears  to 
be  very  well  organized  and  effective. 


Overall  Assessment 

This  is  a  good  program  and  achieving  its  objectives.  However,  there  is  no 
evidence  that  any  of  these  personnel  ever  become  employees  of  the  government 
in  Navy  research  and  development  activities  or  that  there  is  any  Navy  interest  in 
using  this  program  as  a  recruiting  vehicle. 


Office  of  Naval  Technology  Postdoctoral 
Fellowship  Program 


Military  Service/Defense  Agency 

Navy 


Reporting  Unit 


Office  of  Naval  Technology 


Administering  Office 

American  Society  for  Engineering  Education  (contractor) 
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Contact 


Mr.  Paul  Quinn,  Office  of  Naval  Technology,  (203)  696-4453 


Objective 


To  encourage  continued  research  and  study  by  scientists  and  engineers  that 
recently  were  awarded  doctorate  degrees. 


Description 


This  program  provides  1-year  grants  to  scientists  and  engineers  to  conduct 
research  in  areas  of  interest  to  the  Navy.  The  recipients  work  in  Navy 
laboratories,  concentrating  on  hands-on  research  and  development  in  support. 
In  awarding  grants,  the  Office  of  Naval  Technology  stresses  application  of 
technology,  rather  than  basic  research. 

Each  applicant  submits  a  research  proposal  to  the  American  Society  of 
engineering  Education,  following  extensive  discussions  with  a  research  member 
at  a  Navy  laboratory.  Proposals  can  be  submitted  at  four  different  dates  during 
the  year.  The  Society  renews  all  proposals  and  provides  its  recommendations  to 
the  Office  of  Naval  Technology.  Each  year,  approximately  15  new  fellowships 
are  awarded  and  funded. 

All  applicants  must  have  received  a  Ph.D.  within  the  last  seven  years,  be  a 
U.S.  citizen,  and  be  able  to  relate  the  research  project  to  critical  Navy  research 
needs.  The  majority  of  those  awarded  grants,  however,  obtained  their  Ph.D.s 
within  the  proceeding  4  years. 

Some  researchers,  depending  on  the  area  of  research  and  the  laboratory's 
interests,  are  invited  to  extend  their  research  for  up  to  a  total  of  3  years.  Costs 
for  additional  research  offer  the  first  year  is  paid  for  by  the  laboratory.  At  the 
conclusion  of  the  grant,  each  researcher  submits  a  report  to  the  Navy. 

The  program  has  been  in  existence  since  1982.  Within  the  past  2  years, 
however,  the  Navy  has  refocused  its  selection  process  and  increased  the  size  of 
its  grants  to  attract  more  engineers  and  computer  scientists.  The  grants  vary 
between  $36,000  to  $40,000  for  scientists,  $37,000  to  $45,000  for  engineers  and 
computer  scientists,  and  up  to  $53,000  for  medical  specialists.  As  a  result  of  the 
increased  stipends,  the  Navy  is  also  trying  to  change  the  focus  of  the  research 
more  toward  applied  research  (which  is  the  responsibility  of  ONT),  instead  of 
basic  research  (which  is  the  responsibility  of  the  Office  of  Naval  Research). 

From  inception  of  the  program  through  September  1989,  the  Navy  has 
received  237  applications,  made  174  offers,  and  received  126  acceptances.  In 
addition,  the  Navy  estimates  that  over  50  percent  of  the  researchers  subse¬ 
quently  become  full-time  employees. 
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Cost 


This  program  cost  $2,200,000  in  FY89  for  about  75  participants.  The  total 
cost  for  each  participant  while  actually  accomplishing  research  is  estimated  to  be 
about  $45,000. 


Legal  Authority 

Title  10  U.S.C.,  Section  2358,  permits  the  expenditure  of  funds  for  grants  and 
studies  in  furtherance  of  military  research  activities. 


Evaluation 


This  program  satisfies  it  primary  objective:  new  Ph.D.  —  level  scientists  and 
engineers  to  conduct  research  in  areas  of  vital  interest  to  the  Navy.  It  has  the 
secondary  purpose  of  being  a  recruiting  vehicle  for  new  Navy  researchers 
(having  a  record  of  over  50percent  recruiting). 

The  recent  changes  of  increasing  the  stipends  for  engineers  and  computer 
scientists  and  focusing  more  on  applied  research  instead  of  basic  research  are 
very  good  changes. 


Overall  Assessment 

This  program  appears  to  be  well  organized  and  effective.  In  addition,  it 
seems  to  be  a  very  successful  recruiting  program. 


University  Resident  Research  Program 


Military  Service/Defense  Agency 

Air  Force 


Reporting  Unit 


Office  of  Scientific  Research 


Administering  Office 

Office  of  Scientific  Research 
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Contact 


Lt.Col.  Claude  Cavender,  Office  of  Scientific  Research,  (202)  767-4970. 


Objective 


To  bring  faculty  members  from  colleges  and  universities  to  perform  research 
at  Air  Force  laboratories. 


Description 


The  program  provides  for  highly  qualified  colleges  and  university  faculty 
members  to  spend  1  or  2  years  at  Air  Force  laboratories  working  on  research 
problems  of  interest  to  the  Air  Force. 

All  participants  continue  to  be  paid  by  their  colleges  or  universities,  but  the 
Air  Force  reimburses  the  colleges  or  universities  for  those  costs  plus  it  covers  the 
cost  of  travel  and  moving.  Participants  have  the  status  of  visiting  scientists  or 
engineers  in  the  laboratory  and  are  subject  to  the  general  conditions  of  the 
laboratory. 

Appointments  may  start  at  any  time  during  the  year.  Participants  must  be 
U.S.  citizens  and  a  full-time  faculty  member  in  a  science  or  engineering 
department. 

Prospective  participants  send  their  applications,  including  a  proposed  area 
of  research,  directly  to  the  chief  scientist  in  the  laboratory  where  they  want  to 
work.  The  laboratory  sends  a  letter  of  endorsement,  along  with  the  application, 
to  the  Office  of  Scientific  of  Research  for  review  by  the  scientific  director  for  the 
associated  discipline.  The  director  then  submits  a  recommendation  to  the 
Commander,  Office  of  Scientific  Research  and  the  technical  director. 

Although  the  program  provides  for  up  to  2  years  of  research,  less  than  half 
of  the  researchers  actually  stay  the  second  year.  Sometimes,  a  laboratory  will 
extend  the  services  of  a  researcher  out  of  its  own  funds. 

All  researchers  must  submit  a  final  research  report  when  they  conclude  this 
research. 


Cost 


This  program  cost  $1,942,000  in  FY89  for  24  participants,  or  about  $81,000 
per  researcher. 
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Legal  Authority 

The  Intergovernmental  Personnel  Act  of  1970,  as  amended  (P.L.  91-648), 
allows  exchange  of  persormel  between  the  private  sector  and  the  government. 
Title  10  U.S.C,  Section  2358  permits  the  expenditure  of  funds  for  grants  and 
studies  in  furtherance  of  military  research  activities. 


Evaluation 


This  program  provides  many  benefits:  it  adds  to  the  research  capability  of 
the  Air  Force;  it  enhances  the  researcher's  technical  skills  and  reputation;  and 
facilitates  the  interchange  of  information  between  the  Air  Force  and  academia. 
The  program  does  little  to  increase  the  overall  population  in  the  scientist  and 
engineering  pool,  however. 


Overall  Assessment 

This  program  plays  an  important  role  in  improving  the  quality  of  the 
scientist  and  engineering  pool. 


Summer  Faculty  Research  Program  and  Research 
Initiahon 

Military  Service /Defense  Agency 

Air  Force 


Reporting  Unit 


Office  of  Scientific  Research 


Administering  Office 

Research  and  Development  Laboratories,  Inc.,  Culver  City,  California 
(contractor) 


Contact 


Lt.Col.  Claude  Cavender,  Office  of  Scientific  Research,  (202)  767-4970. 
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Objective 


The  objectives  of  the  Summer  Faculty  Research  Program  (SFRP)  include:  to 
develop  a  basis  for  continuing  research  of  interest  to  the  Air  Force,  to  stimulate 
continuing  relations  among  faculty  members  and  their  professional  peers  in  the 
Air  Force,  and  to  enhance  the  research  interests  and  capabilities  of  scientific 
engineering  educators  in  scientific  areas  of  interest  to  the  Air  Force. 

The  objective  of  Research  Initiation  Program  (RIP)  is  to  enable  faculty 
members  to  continue  the  research  initiated  under  the  SFRP  at  their  academic 
institutions. 


Description 


These  programs  introduce  to  the  academic  community  the  Air  Force's 
research  requirements;  they  also  establish  a  continuing  technical  relationship 
with  that  community.  Both  faculty  and  graduate  students  are  brought  into  this 
program. 

These  programs  are  also  related  to  the  Graduate  Student  Research  Program, 
described  in  the  graduate  section  of  this  appendix. 

The  SFRP  is  the  center  piece  of  these  three  programs.  Faculty  members 
submit  research  proposals  in  response  to  announcements  and  advertisements 
that  outline  their  research  and  how  it  would  benefit  the  Air  Force.  If  their 
proposals  are  selected,  the  faculty  members  perform  research  during  a  10-week 
summer  period  at  Air  Force  laboratories. 

The  program  give  special  consideration  to  faculty  at  historically  black 
colleges  and  universities  and  to  faculty  members  not  previously  selected.  Both 
the  faculty  members  and  the  graduate  students  are  hired  as  consultants  to  the 
contractor. 

Faculty  members  are  encouraged  to  bring  a  graduate  student  to  assist  in  the 
research.  If  a  faculty  member  does  not  designated  a  particular  graduate  student, 
the  Air  Force  selects  one  or  more  graduate  students  to  assist  on  the  research.  At 
the  end  of  the  period,  faculty  members  are  encouraged  to  apply  for  additional 
grants  to  continue  their  research,  on-campus  during  the  next  academic  year. 
Approximately  half  of  the  summer  faculty  receive  those  additional  grants. 

The  Air  Force  has  approximately  150  faculty  member  participants  in  the 
SFRP.  The  SFRP  began  in  1975,  with  the  RIP  beginning  several  years  later. 
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Cost 


The  SFRP  cost  $1,600,000  in  FY89  for  150  faculty  members,  or  about  $11,000 
per  faculty  members.  The  RIP  cost  $1,700,000  in  FY89  for  75  faculty  members,  or 
about  $23,000  each. 


Legal  Authority 

The  Intergovernmental  Personnel  Act  of  1970,  as  amended  (P.L.  91-648), 
allows  the  exchange  of  personnel  between  the  private  sector  and  the  govern¬ 
ment.  Title  10  U.S.C,  section  2358,  permits  the  expenditure  of  funds  for  grants 
and  studies  in  furtherance  of  military  research  activities. 


Evaluation 


These  programs  appears  to  satisfy  the  Air  Force's  interest  in  developing  its 
research  needs  in  the  academic  community.  In  addition,  the  graduate  students 
benefit  from  the  opportunity  to  assist  in  the  research  at  Air  Force  laboratories. 


Overall  Assessment 

These  programs  are  well  organized  and  operated.  Valuable  research  is 
obtained  and  graduate  students  are  aided  toward  obtaining  their  doctorate 
degrees. 

However,  we  have  not  seen  any  evidence  that  many  faculty  members  or 
graduate  students  seek  employment  with  the  Air  Force. 
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Appendix  C 

Tables  Supporting  Figures  Contained 

in  the  Main  Text 


Tables  Supporting  Figures  Contained 
in  the  Main  Text 


Table  C-1. 

United  States  Demographics  (by  race,  ethnicity,  and  selected  age) 
(in  millions) 


Historic 

1970 

1975 

1980 

179.6 

187,6 

195,6 

22.8 

24.8 

26.9 

N/A 

N/A 

3.8 

N/A 

N/A 

1,4 

9.3 

11.2 

14.6 

24.7 

28.0 

30.3 

21.5 

24.0 

25.6 

2.8 

3.5 

4.0 

N/A 

1.5 

2.3 

3.8 

4.3 

4.3 

3.5 

3.9 

4.3 

205.1 

216.0 

227.7 

Projected 


1985 

CD 

CO 

O 

p) 

1995 

2000 

203.2 

209.2 

218.3 

226.3 

29.0 

30.6 

33.1 

35.5 

5.5 

7.6 

9.8 

12.1 

1.6 

2.1 

2.2 

2.4 

17.9 

22.6 

27.0 

31.2 

28.7 

26.9 

25.5 

25.9 

23.8 

21.8 

20.3 

20.5 

4.0 

3.8 

3.8 

3.9 

4.1  I  4.9 


Race/ethnIcity 

White 

Black 

(non-Hispanic) 

Asian/Pacific 

Islander 

American  Indian/ 
Alaskan  Native 

Hispanic^ 

Age 

18  to  24 
White 
Black 
Hispanic'^ 

18 

22 


Total  U.S.  population  [  205.1  216.0  227.7  239.3  249.4  263.4  276.6  288.3  300.4 

Sources:  Historic  (1970  - 1985):  Miller.  Louisa  and  Jennifer  Marks.  Preliminary  Estimates  of  the 
Population  of  the  United  States,  by  Age,  Sex,  and  Race:  1970  to  1981.  Washington,  D.C.:  US.  Bureau  of  the 
Census,  current  Population  Reports,  Population  Estimates  and  Projections  (Series  P-25,  No.  917),  Juiy  1982 
pp.  9. 10. 17, 18.  24,  and  25;  Hollman,  Frederick  W.  United  States  Population  Estimates,  by  Age  Sex  Race 
and  Hispanic  Origin:  1980  to  1988.  Washington,  D.C.:  U.S.  Bureau  of  the  Census.  Current  Populatior^ 
Reports,  Population  Estimates  and  Projections  (Series  P-25,  No.  1045),  January  1990,  pp.  7  and  11;  and 
Hollmann,  Frederick  W.  United  States  Population  Estimates,  by  Age,  Sex,  Race,  and  Hispanic  Origin:  1989 
Washington,  D.C.;  U.S,  Bureau  of  the  Census,  Current  Population  Reports,  Popuiation  Estimates  and 
Projections  (Series  P-25,  No.  1057),  March  1990,  pp.  3  and  7. 

Estimated  and  Projected  (1990  -  2010):  Day,  Jennifer  Cheeseman,  Population  Projections  of  the  United 
States,  by  Age,  Sex,  Race,  and  Hispanic  Origin:  1993  to  2050,  Washington,  D.C.:  U.S.  Bureau  of  the 
Census.  Current  population  Reports,  (Series  P-25,  No.  1104),  November  1993,  pp.  xxiii  xxv  xxvi  16  26  36 
and  38.  Middle  Series. 

Notes:  N/A  =  not  avaialble.  This  table  supports  Figure  2-1  and  2-2  in  the  text. 

®  Estimate. 

Persons  of  Hispanic  origin  may  be  of  any  race. 
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Table  C-2. 

Enrollments  in  US,  Institutions  of  Higher  Education  (by  selected 
categories)  (in  millions) 


Historic 

Projected 

1970 

1975 

1980 

1985 

1990 

1995" 

2000" 

2004" 

By  type  of  school 

■1 

Private 

2.2 

2.4 

3.0 

3.2 

3.4 

3.5 

Public 

6.4 

8.8 

10.8 

11.7 

12.1 

12.4 

By  gender 

■ 

Male 

5.0 

Female 

3.6 

5.0 

6.2 

6.4 

7.5 

8.2 

8.5 

8.7 

By  age 

18-to-24 

6,2 

7.1 

7.6 

7.2 

7.6 

7.6 

7.9 

8.5 

25-to-34 

1.6 

2.7 

3.1 

3.2 

3.4 

3.5 

3.3 

3.2 

35  and  over 

0.8 

1.4 

1.4 

1.9 

2.6 

2.6 

3.4 

3.3 

By  race/ethnIcity 

White 

N/A 

N/A 

9.8 

9.9 

10.7 

N/A 

N/A 

N/A 

Black 

(Non-Hispanic) 

N/A 

N/A 

1.1 

1.1 

1.2 

N/A 

N/A 

N/A 

Hispanic‘s 

N/A 

N/A 

0.5 

0.6 

0.8 

N/A 

N/A 

N/A 

Asian/Pacific 

Islander 

N/A 

N/A 

0.3 

0.4 

0.6 

N/A 

N/A 

N/A 

American  Indian/ 
Alaskan  Native 

N/A 

N/A 

0.1 

0.1 

0.1 

N/A 

N/A 

N/A 

By  academic  level 

Undergraduate 

7.4 

9.7 

10.5 

10.5 

12.0 

12.8 

13.3 

13.7 

Graduate 

1.0 

1.3 

1.3 

1.4 

1.6 

1.9 

1.8 

1.8 

First  professional 

0.2 

0.2 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

Total  U.S.  college 
enrollments 

8.6 

11.2 

12.1 

12.2 

13.8 

14.9 

15.5 

15.9 

Sources:  Historic  (1970  -  1990):  Snyder,  Thomas  D.,  Project  Director.  Digest  of  Education  Statistics, 
1993,  Washington,  D.C.:  U.S.  Department  of  Education,  National  Center  for  Education  Statistics,  (NCES 
93-292),  October  1993,  pp.  174, 175, 179,  187, 188,  and  205. 


Projected  (1990-2004):  Gerald,  Debra  E.,  et  al.  Projections  of  Education  Statistics  to  2004.  Washington, 
D.C.:  U.S.  Department  of  Education,  National  Center  for  Education  Statistics  (NCES  93-256),  September 
1 993,  pp.  26,  29,  31 , 37  -  40,  and  43. 

Notes:  N/A  =  not  available.  This  table  supports  Figures  2-3  through  2-6  In  the  text. 


®  Middle  alternative  projections. 

Persons  of  Hispanic  origin  may  be  of  any  race. 
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Table  C-3. 

U.S.  College  Degrees  Conferred  (by  level) 
(in  thousands) 


Historic 

Projected 

1970 

1975 

1980 

1985 

1990 

1995 

2000 

2004 

Associate 

206 

360 

401 

455 

455 

518 

528 

560 

Bachelor 

793 

923 

929 

979 

1,051 

1,178 

1,190 

1,278 

Master 

208 

292 

298 

286 

324 

377 

371 

363 

Doctor 

30 

34 

33 

33 

38 

41 

41 

41 

First  professional 

35 

56 

70 

75 

71 

75 

74 

74 

Total  U.S.  college 
degrees  conferred 

1,272 

1,666 

1,731 

1,817 

1,939 

2,189 

2,204 

2,316 

Sources:  Historic  (1970- 1990):  Snyder  (NCES  93-292).  p.  243. 
Projected  (1995  -  2004):  Gerald  (NCES  93-256).  pp.  60  -  64. 
Note:  This  table  supports  Figure  2-7  in  the  text. 


Table  C-4. 

Bachelor's  Degrees  Conferred  (hy  selected  fields) 
(in  thousands) 


1970 

1975 

1980 

1985 

1990 

1991" 

Life  sciencies 

37 

52 

46 

38 

37 

40 

Physical  sciences 

21 

21 

23 

24 

16 

16 

Mathematics 

27 

18 

11 

15 

15 

15 

Computer  science  ' 

2 

5 

11 

39 

27 

25 

Engineering 

50 

47  ^ 

69 

96 

82 

79 

Total  degrees  in  S  &  E 

137 

143 

160 

212 

177 

175 

Source:  Snyder  (NCES  93-292).  pp.  248  -  255  and  256  -  263. 
Note:  This  table  supports  Figure  2-8  in  the  text. 

®  Preliminary  data. 
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Table  C-5- 

II.S.  Bachelor's  Degrees  Conferred  Upon  Selected  Groups  (by  race  and 
ethnicity  and  selected  fields)  (in  thousands) 


1977" 

1980 

1985 

1990 

1991“ 

White 

Life  sciences 

47.6 

40.0 

31.8 

29.6 

31.0 

Physical  sciences 

20.2 

20.9 

20.7 

13.4 

13.5 

Mathematics 

12.5 

9.8 

12.2 

12.0 

11.9 

Computer  science 

5.5 

10.0 

31.3 

19.7 

17.9 

Engineering 

41.4 

56.3 

76.4 

63.0 

60.1 

Black  (non-HispanIc) 

Life  sciences 

2.4 

2.4 

2.0 

2.0 

2.2 

Physical  sciences 

0.7 

0.8 

0.8 

0.7 

0.8 

Mathematics 

0.7 

0.6 

0.8 

0.7 

0.8 

Computer  science 

0.4 

0.6 

2.1 

2.3 

2.1 

Engineering 

1.4 

2.1 

3.2 

3.3 

3.5 

Hispanic‘S 

Life  sciences 

1.0 

1.1 

1.2 

1.3 

1.5 

Physical  sciences 

0.3 

0.4 

0.4 

0.4 

0.4 

Mathematics 

0.2 

0.2 

0.3 

0.4 

0.4 

Computer  science 

0.1 

0.2 

0.8 

0.9 

'  0.9 

Engineering 

0.9 

1.3 

2.2 

2.6 

2.6 

American  Indian/ 
Alaskan  Native 

Life  sciences 

0.2 

0.1 

0.2 

0.1 

0.2 

Physical  sciences 

0.1 

0.1 

0.1 

0.1 

Mathematics 

d 

- 

0.1 

d 

d 

Computer  science 

d 

- 

0.1 

— 

0.1 

Engineering 

0.1 

0.2 

0.3 

0.2 

0.2 

Asian/Pacific  Islander 

Life  sciences 

1.3 

1.5 

2.0 

3.3 

3.6 

Physical  sciences 

0.4 

0.5 

0.8 

1.0 

1.0 

Mathematics 

0.3 

0.4 

0.9 

0.9 

0.9 

Computer  science 

0.2 

0.5 

2.0 

2.3 

2.1 

Engineering 

1.2 

2.5 

5.0 

6.9 

7.1 

Sources:  (1977- 1985):  Baker,  Curtis  O.,  ed.  Education  Indicators:  1989.  Washington,  DC:  U.S. 
Department  of  Education,  National  Center  for  Education  Statistics,  pp.  241  -243;  and  (1990-  199iy  Snyder 
(NCES  93-292),  pp.  276  and  277. 


Hole:  This  table  supports  Figures  2-9  through  2-14  in  the  text. 
®  Race/ethnicity  data  by  field  first  available  in  1 977. 

^  Preliminary  data. 

®  Persons  of  Hispanic  origin  may  be  of  any  race. 

Less  than  1 00. 
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Table  C-6. 

U.S,  Bachelor's  Degrees  Conferred  (by  gender  ) 
(in  thousands) 


1970 

1975 

1980 

1985 

1990 

1991" 

Male 

451 

505 

474 

483 

491 

496 

Female 

341 

418 

456 

497 

558 

585 

Total  bachelor's 

degrees  conferred 

792 

923 

930 

980 

1,049 

1,081 

Source:  Snyder  (NCES  93-292).  pp.  243,  276,  and  271. 
Note:  This  table  supports  Figure  2-15  in  the  text. 

®  Preliminary  data. 


Table  C-7. 

US,  Bachelor's  Degrees  Conferred  Upon  Women  (by  selected  fields) 
(in  thousands) 


1971" 

1975 

1980 

1985 

1990 

1991'’ 

Life  sciences 

10.4 

17.1 

19.4 

18.4 

19.0 

20.1 

Physical  sciences 

3.0 

3.8 

5.6 

6.6 

5.0 

5.2 

Mathematics 

9.4 

7.6 

4.8 

7.0 

6.7 

6.9 

Computer  science 

0.3 

1.0 

3.7 

14.3 

8.1 

7.4 

Engineering 

0.4 

1.0 

6.4 

12.7 

11.3 

11.0 

Total  bachelor's 
degrees  conferred  on 
women  in  S&E 

23.5 

30.5 

39.9 

59.0 

50.1 

50.6 

Sources:  (1971  -1985):  Baker  (NCES  89-653).  p.  254;  and  (1990  -  1991):  Snyder  (NCES  (93-292)  pp 
276  and  277. 


Note:  This  table  supports  Figure  2-16  in  the  text. 
®  Data  for  1 970  not  available. 

^  Preliminary  data. 
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Table  C-8. 

U.S.  Bachelor's  Degrees  Conferred  Upon  Foreign  Students 
(by  selected  fields) 

(in  thousands) 


1977" 

1980 

1985 

1990 

1991'’ 

Life  sciences 

1.0 

0.9 

0.9 

0.9 

1.1 

Physical  sciences 

0.6 

0.7 

0.8 

0.6 

0.6 

Mathematics 

0.3 

0.4 

0.8 

0.5 

0.6 

Computer  science 

0.3 

0.6 

2.1 

2.0 

2.0 

Engineering 

3.6 

5.8 

7,4 

5.6 

5.3 

Total  bachelor’s  degrees 
conferred  on  foreign 
students  in  S  &  E 

5.8 

8.4 

12.0 

9.6 

9.6 

Sources:  (1977-1985):  Baker  (NCES  89-653).  p.  259;  and  (1990  - 1991):  Snyder  (NCES  93-292). 
pp.  276  and  277. 

Note;  This  table  supports  Figure  2-17  in  the  text. 

“  Foreign  student  data  by  field  first  available  in  1 977. 
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Table  C-9, 

U.S.  Doctorates  Awarded  to  Foreign  Students  (by  selected  fields) 
(in  units  and  percentages  of  totals) 
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Table  C-10. 

High  School  Completion  at  Age  28  to  29  (by  race  and  ethnic  group) 
(percentage  of  total  subgroup  population) 


Subgroup 

1975 

1980 

1985 

1990" 

1991" 

White 

86.8 

90.0 

89.0 

90.7 

89.7 

Black  (non-Hispanic) 

69.0 

77.8 

83.8 

79.5 

85.2 

Hispanic^ 

56.6 

57.0 

60.1 

61.1 

57,3 

Total  high  school 
completions 
at  age  28  to  29 

83.6 

86.3 

86.0 

86.4 

86.1 

Source:  Alsalam,  Nabeel,  ed.  The  Condition  of  Education:  1993.  Washington,  D.C.:  U.S.  Department  of 


Education,  National  Center  for  Education  Statistics  (NCES  93'290),  p.  253. 

Note:  This  table  supports  Figure  2-24  in  the  text. 

®  Numbers  for  these  years  reflect  new  editing  procedures  instituted  by  the  Bureau  of  the  Census  in  1986  for 
cases  with  missing  data  on  school  enrollment  items, 

^  Persons  of  Hispanic  origin  may  be  of  any  race. 
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Table  C-11. 

Freshman  Interest  in  Science  and  Engineering  as  Academic  Majors 
(by  year  and  selected  field) 

(percentage  of  first-time,  full-time  enrollment) 


Year 

Computer 

science 

Engineering 

Physical 

sciences 

Biological 

science 

Mathematics 

Total 

percent 

Freshmen 

enrollment 

(000)" 

1966 

N/A 

9.8 

3.3 

3.7 

4.5 

21.3 

1,554 

1967 

N/A 

9.5 

3.0 

3.7 

4.2 

20.4 

1,641 

1968 

N/A 

9.8 

2.7 

3.7 

4.0 

20.2 

1,893 

1969 

N/A 

10.2 

2.5 

3.3 

3.5 

19.5 

1,967 

1970 

N/A 

8.6 

2.3 

3,5 

3.3 

17.7 

2,063 

1971 

N/A 

7.2 

2.0 

3.6 

2.7 

15.5 

2,119 

1972 

N/A 

6.9 

1.9 

3.9 

2.2 

14.9 

2,153 

1973 

N/A 

6.6 

2.7 

7.0 

1.7 

18.0 

2,226 

1974 

N/A 

6.6 

2.6 

6.7 

1.4 

17.3 

2,366 

1975 

N/A 

7.9 

2.7 

6.3 

1.1 

18.0 

2,515 

1976 

N/A 

8.5 

2.7 

6.2 

1.0 

18.4 

2,347 

1977 

N/A 

9.3 

2.3 

4.7 

0.8 

19.9 

2,394 

1978 

2.8 

10.3 

2.4 

4.6 

0.9 

21.7 

2,390 

1979 

3.5 

10.6 

2.3 

4.0 

0.6 

21.5 

2,503 

1980 

4.0 

11.8 

2.0 

3.7 

0.6 

23.4 

2,588 

1981 

5.3 

12.0 

2.1 

3.7 

0.6 

25.3 

2,595 

1982 

6.9 

12.6 

1.9 

3.7 

0,6 

27.6 

2,505 

1983 

8.8 

11.7 

1.8 

3.8 

0.8 

26.6 

2,444 

1984 

8.5 

11.0 

1.8 

4.2 

0.8 

23.9 

2,357 

1985 

6.1 

10.7 

1.6 

3.4 

0.7 

20.8 

2,292 

1986 

4.4 

10.9 

1.7 

3.9 

0.7 

20.7 

2,219 

1987 

2.7 

9.4 

1.6 

3.8 

0.6 

18.1 

2,246 

1988 

2.8 

9.5 

1.5 

3.7 

0.6 

18.1 

2,376 

1989 

2.6 

10.2 

1.6 

3,7 

0.6 

18.7 

2,353 

1990 

2.6 

9.6 

1.7 

3.7 

0.7 

18.3 

2,257 

1991 

2.4 

10.1 

1.6 

4.4 

0.6 

19.1 

2,278 

1992 

2.3 

9.2 

1.8 

5,3 

0.6 

19.2 

2,186^ 

1993 

2.5 

8.7 

2.0 

5.6 

0.5 

19.3 

N/A 

M  ■  Institutional  Research  program  (CIAP),  Higher  Education  Research 

Institute,  University  of  California,  Los  Angeles,  CA;  (1988-1993):  Astin,  Alexander  W.,  etal.  The  American 
Freshman:  National  Norms  for  Fall  1988,  1989.  1990,  1991,  1992,  1993.  Los  Angeles,  CA;  University  of 

o°«of  institutional  Research  Program;  and  (freshman  enrollment):  Snyder 

(INOizo  yo“292).  p.  1 83, 

Note:  Based  on  samples  of  students  at  two-  and  four-year  U.S.  colleges  and  universities. 

N/A  =  not  available.  This  table  supports  Figures  2-25  and  2-26  in  the  text. 

“Total  first-time  freshman  fall  enrollment  in  U.S.  institutions  of  higher  education. 

“’Preliminary  estimate. 
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TableC-12. 

Freshman  Interest  in  Science  and  Engineering  as  Academic  Majors 
(by  year  and  selected  field) 

(in  thousands  of  students  interested  in  each  subject  area) 


Year 

Computer 

science 

Engineering 

Physical 

sciences 

Biological 

science 

Mathematics 

Total® 

Freshmen 

enrollment 

(000)'’ 

1966 

N/A 

152 

51 

57 

70 

331 

1,554 

1967 

N/A 

156 

49 

61 

69 

335 

1,641 

1968 

N/A 

186 

51 

70 

76 

382 

1,893 

1969 

N/A 

201 

49 

65 

69 

384 

1,967 

1970 

N/A 

177 

47 

72 

68 

365 

2,063 

1971 

N/A 

153 

42 

76 

57 

328 

2,119 

1972 

N/A 

149 

41 

84 

47 

321 

2,153 

1973 

N/A 

147 

60 

156 

38 

401 

2,226 

1974 

N/A 

156 

62 

159 

33 

409 

2,366 

1975 

N/A 

199 

68 

158 

28 

453 

2,515 

1976 

N/A 

199 

63 

146 

23 

432 

2,347 

1977 

67 

223 

55 

113 

19 

476 

2,394 

1978 

84 

246 

57 

110 

22 

519 

2,390 

1979 

100 

265 

58 

100 

15 

538 

2,503 

1980 

137 

305 

52 

96 

16 

606 

2,588 

1981 

179 

311 

54 

96 

16 

657 

2,595 

1982 

220 

316 

48 

93 

15 

691 

2,505 

1983 

208 

286 

44 

93 

20 

650 

2,444 

1984 

144 

259 

42 

99 

19 

563 

2,357 

1985 

101 

245 

37 

78 

16 

477 

2,292 

1986 

78 

242 

38 

87 

16 

459 

2,219 

1987 

61 

211 

36 

85 

13 

407 

2,246 

1988 

64 

226 

36 

88 

14 

428 

2,376 

1989 

61 

240 

38 

87 

14 

440 

2,353 

1990 

59 

217 

38 

84 

16 

413 

2,257 

1991 

55 

230 

36 

100 

14 

435 

2,278 

1992 

50 

201 

39 

116 

13 

422 

2,1 86^^ 

Source:  (1966-  1987):  Cooperative  Institutional  Research  program  (CIRP),  Higher  Education  Research 
Institute,  University  of  California,  Los  Angeles,  CA;  (1988  -  1993):  Astin,  Alexander  W.,  et  al.  The  American 
Freshman:  National  Norms  for  Fall  1988,  1989,  1990,  1991,  1992,  1993.  Los  Angeles,  CA:  University  of 
California.  Los  Angeles,  CA.  Cooperative  Institutional  Research  Program;  and  (freshman  enrollment):  Snyder 
(NCES  93-292).  p.  183. 

Notes:  N/A  =  not  available.  This  table  supports  Figure  2-26. 

’  Detail  may  not  add  to  totals  due  to  rounding. 

'’Total  first-time  freshman  fali  enrollment  in  U.S.  institutions  of  higher  education. 

'  Preiiminary  estimate. 
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Appendix  D 


Legal  Authorities  Supporting  DoD 
Science  and  Engineering  Intervention 

Programs 


Legal  Authorities  Supporting  DoD 
Science  and  Engineering  Intervention 
Programs 


This  appendix  contains  a  listing  of  the  principal  statutes,  public  laws, 
regulations,  directives,  and  instructions  that  provide  the  legal  basis  for  the 
intervention  programs  included  in  this  study.  This  compilation  is  based  on 
responses  to  the  Office  of  the  Secretary  of  Defense  from  the  Military  Services  and 
Defense  Agencies  operating  the  programs,  as  augmented  by  independent 
research.  We  believe  the  principal  authorities  are  cited. 

The  statutes  as  contained  in  United  States  Code  are  listed  first,  followed  by 
Public  Laws.  Regulations,  directives,  and  instructions  implementing  the  statutes 
and  laws  follow  in  the  order  of  the  cited  intervention  programs. 


Statutes 

Title  5  United  States  Code  —  Government  Organization  and 
Employees 


Chapter  41,  Training 

Section  4103.  Establishment  of  Training  Programs 

This  section  provides  basic  authority  for  establishing  training  programs  for 
civilian  employees  of  the  government,  either  in  government  facilities  or  in 
non-govemment  facilities.  Subsequent  sections  define  non-government 
facilities,  limitations  on  amoimt  of  training  each  employee  may  receive  in 
non-government  facilities,  agreements  to  serve  in  government  employment  after 
completion  of  training,  and  the  payment  of  resulting  training  expenses. 

Title  10  United  States  Code  —  Armed  Forces 

1.  Chapter  101,  Training  Generally 

Section  2005.  Advanced  Education  Assistance:  Active  Duty  Agreement", 

Reimbursement  Requirements 

Advanced  education  assistance  may  be  given  to  a  member  of  the  armed 
forces  xmder  a  written  agreement,  requiring  each  person  to:  complete  the 
agreed  education,  to  serve  on  active  duty  for  an  agreed  period,  and  to  reimburse 
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the  government  for  the  cost  of  such  education  if  the  person  fails  to  complete  the 
specified  period  of  active  duty. 


Section  2007.  Limitation  on  Payment  of  Tuition  for  Off-duty  Training  or 
Education 

Provides  for  payment  of  tuition  for  off-duty  training  or  education,  and 
limits  the  Secretary  of  a  military  department  from  paying  more  than  75  percent 
of  the  charges  for  such  training  or  education.  Some  exceptions  are  included  for 
certain  training. 

2.  Chapter  103,  Senior  Reserve  Officers'  Training  Corps 

Section  2103.  Eligibility  for  Membership 

Provides  rules  for  eligibility  for  membership  in  Senior  Reserve  Officers'  Training 
Corps  (ROTC).  Senior  ROTC  is  conducted  at  colleges  and  universities,  as 
opposed  to  Junior  ROTC  programs  at  the  high  school  level. 

Section  2107.  Financial  Assistance  Program  for  Specially  Selected  Members 

Autiiorizes  the  Secretary  of  the  military  department  to  provide  financial 
assistance  to  selected  members  of  the  Semor  Reserve  Officers'  Training  Corps, 
including  tuition,  fees,  books,  and  laboratory  expenses.  This  financial  assistance 
normally  takes  the  form  of  ROTC  scholarships. 

3.  Chapter  111,  National  Defense  Science  and  Engineering  Graduate 
(NDSEG)  Fellowships 

Section  2191.  Graduate  Fellowships 

Provides  authority  for  the  Secretary  of  Defense  to  award  fellowships  for 
pursuing  graduate  degrees  in  science,  engineering  or  other  fields  of  study  so 
designated.  Includes  provisions  for  awarding  such  fellowships. 

Section  2193.  Science  and  Mathematics  Education  Improvement  Program 

Authorizes  DoD  to:  (1)  support  imdergraduate  or  graduate  education  in 
science  and  engineering  disciplines  critical  to  national  security  functions  of  DoD, 
subject  to  certain  conditions;  and  (2)  conduct  programs  to  improve  the 
mathematics  and  scientific  knowledge  and  skills  of  elementary  and  secondary 
school  students  and  teachers. 

Section  2194.  Education  Partnerships 

Authorizes  education  partnership  agreements  between  defense  laboratories 
and  U.S.  educational  institutions  for  the  purpose  of  encouraging  and  enhancing 
study  in  scientific  disciplines  at  all  levels  of  education. 
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Section  2195.  Department  of  Defense  Cooperative  Education  Program 

Directs  deferise  laboratories  to  establish  cooperative  education  programs  for 
tmdergraduate  and  graduate  students,  in  association  with  U.S.  colleges  or 
universities. 

4.  Chapter  139,  Research  and  Development 
Section  2358.  Research  Projects 

Provides  that  the  Secretary  of  Defense  or  his  designee  may  engage  in  basic 
and  applied  research  projects  that  relate  to  military  needs  under  contract  or 
grants  to  educational  or  research  institutions,  private  businesses,  or  other 
agencies  of  the  United  States. 

Section  2360.  Research  and  Development  Laboratories:  Contracts  for 
Services  of  University  Students 

Provides  authority  to  contract  with  university  students  for  temporary  or 
intermittent  technical  services  at  defense  research  and  development  laboratories. 

5.  Chapter  403,  United  States  Military  Academy 

Section  4331  et  seq.  Enabling  legislation  for  the  U.S.  Military  Academy 

6.  Chapter  603,  United  States  Naval  Academy 

Section  6951  et  seq.  Enabling  legislation  for  the  U.S.  Naval  Academy 

7.  Chapter  605,  United  States  Naval  Postgraduate  School 

Section  7041  et  seq.  Enabling  legislation  for  the  U.S.  Naval  Postgraduate 
School 

8.  Chapter  901,  Training  Generally 

Section  9314.  Enabling  legislation  for  the  United  States  Air  Force  Institute 
of  Technology 

9.  Chapter  903,  United  States  Air  Force  Academy 

Section  9331  et  seq.  Enabling  legislation  for  the  U.S.  Air  Force  Academy 
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Title  20  United  States  Code  —  Department  of  Education 

1.  Chapter  13,  Financial  Assistance  to  Local  Education  Agencies 

Section  241.  Education  of  Children  Where  Local  Agencies  Cannot  Supply 
Facilities 

Enabling  legislation  for  DoD  dependents'  schools  in  the  United 
States  —  authorizes  the  provision  of  public  education  to  children  residing  on 
Federal  property  in  cases  where  local  education  agencies  cannot  supply  facilities. 

2.  Chapter  17,  National  Defense  Education  Act 
Section  462.  Number  of  Fellowships 

Authorizes  the  numbers  of  fellowships  to  be  awarded  for  study  in  graduate 
programs  at  institutions  of  higher  education. 

Section  463.  Award  of  Fellowships  and  Approval  of  Institutions 

Provides  rules  for  awarding  the  fellowships  and  approving  of  the  selected 
institutions. 

3.  Chapter  28,  Higher  Education  Resoiuces  and  Student  Assistance 
Programs  —  Strengthening  Historically  Black  Colleges  and  Universities 

Section  1060.  Congressional  Findings  and  Purposes 

Provides  authority  to  fund  HBCUs  to  strengthen  the  physical  plants,  financial 
management,  academic  resources,  and  endowments  of  same.  It  codifies 
Executive  Order  12677  of  28  April  1989,  which  also  provided  for  special 
assistance  to  science  and  technology,  and  providing  for  part-time  and  summer 
positions  for  graduates  and  undergraduates  of  HBCUs.  This  Executive  Order 
revoked  a  previous  Executive  Order,  12320  of  15  September  1981,  on  the  same 
subject. 


Title  42  United  States  Code  —  The  Public  Health  and  Welfare 

1.  Chapter  16,  National  Science  Foundation 

Section  1869.  Scholarships  and  Graduate  Fellowships 

Authorizes  the  National  Science  Foxmdation  to  award  scholarships  and 
graduate  fellowships  for  study  and  research  in  the  sciences  or  in  engineering. 
Guidance  is  provided  for  selecting  individuals. 
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Section  1885,  (a),(b).  Congressional  statement  of  findings  and  declaration 
of  policy  respecting  equal  opportunities  in  science  and  engineering. 

Authorizes  support  for  increasing  participation  of  women  and  minorities  in 
science  and  engineering;  for  encouraging  women  to  consider  and  prepare  for 
careers  in  science  and  engineering;  and  to  support  activities  to  initiate  research 
at  minorities  institutions. 


Public  Laws 

Public  Law  91-441  —  Armed  Forces  Appropriation  Authorization 
Act,  Fiscal  Year  1971 

Section  203(a) 

"Fimds  authorized  for  appropriation  to  the  Department  of  Defense  under 
the  provisions  of  this  or  any  other  Act  shall  not  be  available  after  December  31, 
1970,  for  payment  of  independent  research  and  development  or  bid  and 
proposal  costs  unless  the  work  for  which  payment  is  made  has,  in  the  opinion  of 
the  Secretary  of  Defense,  a  potential  relationship  to  a  military  function  or 
operation . . 

Section  204 

"None  of  the  funds  authorized  to  be  appropriated  to  the  Department  of 
Defense  by  this  or  any  Act  may  be  used  to  finance  any  research  project  or  study 
unless  such  project  or  study  has,  in  the  opinion  of  the  Secretary  of  Defense,  a 
potential  relationship  to  a  military  ftmction  or  operation." 

These  sections  limit  research  projects  or  studies  by  DoD  to  military  functions 
or  operations,  and  are  often  referred  to  the  "Mansfield  Amendment,"  after 
Senator  Mike  Mansfield  of  Montana,  who  proposed  it  in  1970. 


Public  Law  91-648  —  Intergovernmental  Personnel  Act  of 
1970  —  Training  and  Developing  State  and  Local  Employees 

Section  1741  et  seq. 

Provides  means  to  strengthen  the  training  and  development  of  state  and 
local  government  employees  and  officials,  particularly  in  professional,  adminis¬ 
trative,  and  technical  fields  through  funding  for  training,  development,  and  fel¬ 
lowship. 
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Public  Law  95-561  —  Defense  Department's  Education  Act  of  1978 

Establishes  the  defense  dependents'  education  system  to  provide  public 
education  for  dependents  of  military  or  DoD  civilian  personnel  stationed  in 
overseas  areas. 


Public  Law  101-189  —  National  Defense  Authorization  Act,  Fiscal 
Years  1990  and  1991 

Section  843.  Scientific  and  Technical  Education 

(b)  Sense  of  Congress.  "In  light  of  the  findings  in  subsection  (a),  it  is  the 
sense  of  Congress  that  the  Secretary  of  Defense  should  take  such  actions  as  may 
be  necessary  and  appropriate  to  promote  and  encourage,  at  pre-coUege  through 
post-doctoral  levels,  an  increase  in  the  number  of  citizens  and  nationals  of  the 
United  States  who  pursue  courses  of  study  in  science,  engineering,  and  other 
technical  disciplines." 


Public  Law  101-510  —  National  Defense  Authorization  Act  for  Fiscal 
Year  1991 


Section  832. 

Provides  authority  and  direction  to  provide  infrastructure  assistance  to  his¬ 
torically  Black  colleges  and  universities  and  to  other  minority  institutions. 

Paragraph  2192.  Science,  Mathematics,  and  Engineering  Education 

(a)  "The  Secretary  of  Defense,  in  constdtation  with  the  Secretary  of 
Education,  shall,  on  a  continuing  basis  — 

(1)  Identify  actions  which  the  DoD  may  take  to  improve  education  in 
the  scientific,  mathematics,  and  engineering  skiUs  necessary  to  meet  the 
long-term  national  defense  needs  of  the  United  States  for  personnel  proficient  in 
such  skills;  and 

(2)  Establish  and  conduct  programs  to  carry  out  such  actions." 
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Implementing  Regulations  and  Directives 

Pre-College 


S&E  Interest  Programs 

These  programs  include  the  Science  and  Engineering  Fairs,  Junior  Science 
and  Humanities  Symposia,  Uninitiates  Introduction  to  Engineering,  Minorities 
in  Engineering  program,  and  similar  programs.  They  are  funded  annually  on  a 
recurring  basis.  The  Military  Service  program  managers,  when  asked  for  specific 
program  authorities,  referred  to  various  statutes,  regulations  and  instructions. 
Upon  examination  the  cited  references  do  not  seem  specifically  to  cover  these 
activities.  The  ultimate  authority  in  law  for  programs  of  this  kind  is  therefore 
obscure. 

Apprenticeship  and  Summer  Work  Programs 
Title  5,  U.S.C.,  Chapter  41 
Title  10,  U.S.C.,  Chapter  139 

Code  of  Federal  Regulations,  Title  5,  Part  213,  Section  3102(q),(v),(w).  [5  C.F.R. 
213.3102(q)(v)(w)] 

Federal  Personnel  Manual,  Chapter  308,  "Student  Employment  Programs," 
Subchapters  3,6,7,9 

DoD  Directive  1400.25-M,  Civilian  Employee  Training,  CPM  Chapter  410, 
"Training,"  1  October  1985 

DoD  Instruction  3218.1,  DoD  Science  and  Apprenticeship  Program  for  High 
School  Students,  29  July  1981 

Reserve  Officers  Training  Corps  (ROTC) 

Title  10  U.S.C.,  Chapter  103 

Cooperative  Education  Training  Programs  (COOP) 

Title  5  U.S.C.,  Chapter  41 

Code  of  Federal  Regulations,  Title  5,  Part  213,  Section  3202.  (5  C.F.R.  213.3202) 

Federal  Personnel  Manual,  Chapter  308,  "Student  Employment  Programs," 
Subchapter  2 

DoD  Directive  1400.25-M,  Civilian  Employee  Training,  CPM  Chapter  410, 
"Training,"  1  October  1985 
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Summer  Employment 

Title  5  U.S.C.,  Chapter  31 

Code  of  Federal  Regulations,  Title  5,  Part  312,  Section  3101.  (5  C.F.R.  213.3101) 

Federal  Personnel  Manual,  Chapter  308,  "Student  Employment  Programs," 
Subchapters  3,6,7,9 

Federal  Personnel  Manual,  Chapter  332,  "Recruitment  and  Selection  Through 
Competitive  Examination,"  Appendix  J,  Summer  Employment  Program  (PPM 
332,  Appendix  J) 

DoD  Directive  1400.25-M,  Civilian  Employee  Training,  CPM  Chapter  410, 
"Training,"  1  October  1985 

Undergraduate  Programs 

Undergraduate  Study  Programs  (In-Service) 

Title  5  U.S.C.,  Chapter  41,  "Training" 

Code  of  Federal  Regulations,  Title  5,  Part  410,  "Training,"  (5  C.F.R.  410) 

Federal  Personnel  Manual,  Chapter  410,  "Training" 

DoD  Directive  1400.25-M,  Civilian  Employee  Training,  CPM  Chapter  410, 
"Training,"  1  October  1985 

Historically  Black  Colleges  and  Universities/Minority  Institutions 
(HBCU/MI)  Support  Programs 

Title  10  U.S.C.,  Chapter  139,  "Research  and  Development" 

Title  20  U.S.C.,  Chapter  28,  "Strengthening  Historically  Black  Colleges  and 
Universities,"  Section  1060 

Title  42  U.S.C.,  Chapter  16,  "National  Science  Foimdation,"  Section  1885 

Executive  Order  12677,  "Historically  Black  Colleges  and  Universities" 

DoD  Directive  1440.1,  The  DoD  Civilian  Equal  Employment  Opportunity  (EEO) 
Program,  21  May  1987 

Graduate  Programs 

Graduate  Study  Programs  (In-Service) 

Same  as  for  Undergraduate  Study 
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Grants 


Title  10  U.S.C.,  Chapter  139,  "Research  and  Development" 

Same  as  for  HBCU/MI  Support  Programs 

Federal  Personnel  Manual,  Chapter  309,  "Hosting  Enrollees  of  Federal  Grant 
Programs  (FPM309)" 

Summer  Employment 

Same  as  for  summer  employment  of  imdergraduate  students 
Cooperative  Education  Programs  (COOP) 

Same  as  for  COOP  programs  for  undergraduate  students 
Research  Programs 

Title  10  U.S.C.,  Chapter  139,  "Research  and  Development" 

Fellowships 

Title  10  U.S.C.,  Chapter  111,  "National  Defense  Science  and  Engineering 
Graduate"  (NDSEG)  Fellowships 

Title  10  U.S.C.,  Chapter  139,  "Research  and  Development" 

Title  20  U.S.C.,  Chapter  17,  "National  Defense  Education  Act" 

Title  42  U.S.C.,  Chapter  16,  "National  Science  Foundation" 

Postdoctoral/Faculty  Programs 

Research  Programs 

Public  Law  91-648,  Intergovernmental  Personnel  Act  of  1970 

Same  as  for  Graduate  Students 

Fellowships 

Same  as  for  Graduate  Students 
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DoD  Scientist  and  Engineer  Inventory 


DoD  Scientist  and  Engineer  Inventory 


The  primary  objective  of  this  appendix  is  to  display  the  inventory  of  active 
military  and  DoD  civilian  employees  having  science  and  engineering  skills. 
There  are  four  annexes: 

♦  Annex  E-1  —  An  inventory  of  DoD  scientists  and  engineers  as  of 
30  September  1990. 

♦  Annex  E-2  —  An  inventory  of  DoD  scientists  and  engineers  for  the  even 
years  1980  to  1990  and  the  resulting  changes  by  broad  fields  of  expertise. 

♦  Annex  E-3  —  A  comparison  of  Federal  civilian  job  occupational  groups  and 
series,  used  widely  to  define  the  terms  "scientist"  and  "engineer"  by  three 
Government  agencies:  the  Office  of  Personnel  Management,  the  National 
Science  Foxmdation,  and  the  Office  of  the  Secretary  of  Defense.  We  have 
also  included  for  comparison  an  additional  listing  of  job  codes  developed 
by  LMI  during  the  course  of  this  project. 

♦  Annex  E-4  —  A  description  of  the  DoD  Military/  Civilian  Master  Crosswalk 
developed  by  Booz- Allen  &  Hamilton  for  DoD.  This  crosswalk  was  used  to 
select  military  occupational  skills  comparable  to  the  Office  of  Personnel 
Management  (OPM)  job  occupational  groups  and  series. 

A  short  discussion  of  the  contents  of  each  annex  proceeds  the  included 
information.  There  are  some  omissions  and  discrepancies  in  taxonomies  used  to 
determine  the  reported  inventories  and  these  are  discussed  in  the  annexes.  As  a 
result  of  these  problems,  these  data  must  be  considered  preliminary.  In  the 
future,  some  of  diese  problems  can  be  resolved  and  a  somewhat  refined  set  of 
data  obtained  from  DMDC.  It  is  unlikely,  however,  that  agreement  will  be 
reached  in  the  foreseeable  future  on  the  precise  definition  of  "scientists  and 
engineers." 

In  the  meantime,  the  data  shown  contain  the  major  portion  of  the  DoD 
scientist  and  engineer  inventory.  We  have  included  all  the  specific  job  skills  of 
primary  interest  to  DoD  policymakers  at  this  time. 
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Annex  E-1 


DoD  Scientist  and  Engineer  Inventory 

30  September  1990 


DoD  Scientist  and  Engineer  Inventory 
30  September  1990 


Table  E-1-1  reflects  the  current  inventory  of  active  military  and  DoD  civilian 
personnel  having  science  and  engineering  skills  as  of  30  September  1990.  The 
compilation  was  obtained  from  the  files  of  the  Defense  Manpower  Data  Center, 
using  Office  of  Personnel  Management  (OPM)  job  occupational  groups  and 
series  code  numbers. 

Military  occupational  codes  for  officers  were  connected  to  matching  civihan 
job  codes  by  use  of  DoD  Military/ Civilian  Master  Crosswalk  prepared  by 
Booz- Allen  &  Hamilton  for  DoD.  This  crosswalk  is  described  in  Annex  4. 

The  Military  Services  did  not  review  the  military  codes;  while  the  civihan 
codes  do  not  agree  fully  with  codes  used  by  the  National  Science  Foundation 
and  the  Office  of  the  Secretary  of  Defense.  As  a  consequence,  these  data  must  be 
considered  preliminary. 
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Table  E-1-1. 

DoD  Scientists  and  Engineer  Inventory  (30  September  1990) 


Broad 

Academic  Field 

0PM  job 
code® 

Field  of  study 

Military 

Civilian 

Total 

Scientists 

Physical  and 

Environmental 

Sciences 

GS-1301 

General  Physical  Science 

276 

2,132 

2,408 

GS-1306 

Health  Physics 

0 

286 

286 

GS-1310 

Physics 

317 

2,822 

3,139 

GS-1313 

Geophysics 

285 

152 

437 

GS-1315 

Hydrology 

0 

68 

68 

GS-1320 

Chemistry 

128 

2,018 

2,146 

GS-1321 

Metallurgy 

0 

178 

178 

GS-1330 

Astronomy  &  Space  Science 

1 

140 

141 

GS-1340 

Meteorology 

1,302 

286 

1,588 

GS-1350 

Geology 

0 

337 

337 

GS-1360 

Oceanography 

0 

388 

388 

GS-1370 

Cartography 

998 

3,370 

4,368 

GS-1372 

Geodesy 

0 

203 

203 

GS-1373 

Land  Surveying 

0 

14 

14 

GS-1380 

Forest  products  Technology 

0 

1 

1 

GS-1382 

Food  Technology 

0 

49 

49 

GS-1384 

Textile  Technology 

0 

67 

67 

GS-1386 

Photographic  Technology 

0 

32 

32 

Subtotal 

3,307 

12,543 

15,850 

®  Office  of  Personnel  Management  job  occupational  group  and  series  code  numbers. 
Source:  Defense  Manpower  Data  Center. 
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Table  E-1-1. 

DoD  Scientists  and  Engineer  Inventory  (30  September  1990) 
(Continued) 


Broad 

Academic  Field 

0PM  job 
code 

Field  of  study 

Military 

Civilian 

Total 

Life  Sciences 

GS-0401 

General  Biology  Science 

385 

1,012 

1,397 

GS-0403 

Microbiology 

117 

290 

407 

GS-0405 

Pharmacology 

1 

42 

43 

GS-0406 

Agriculture  Extension 

0 

1 

1 

GS-0408 

Ecology 

274 

129 

403 

GS-0410 

Zoology 

0 

7 

7 

GS-0413 

Physiology 

205 

157 

362 

GS-0414 

Entomoloyg 

120 

61 

181 

GS-0415 

Toxicology 

0 

19 

19 

GS-0430 

Botany 

0 

12 

12 

GS-0434 

Plant  Pathology 

0 

0 

0 

GS-0435 

Plant  Physiology 

0 

0 

0 

GS-0436 

Plant  Protection  &  Quarantine 

0 

9 

9 

GS-0437 

Horticulture 

0 

1 

1 

1 

GS-0440 

Genetics 

0 

9 

9 

GS-0454 

Range  Conservation 

0 

1 

1 

GS-0457 

Soil  Conservation 

0 

12 

12 

GS-0460 

Forestry 

0 

18 

18 

GS-0470 

Soil  Science 

0 

134 

134 

GS-0471 

Agronomy 

0 

6 

6 

GS-0475 

Agriculture  Management 

0 

45 

45 

GS-0480 

General  Fish  &  Wildlife 
Administration 

0 

23 

23 

GS-0482 

Fishery  Biology 

0 

34 

34 

GS-0485 

Wildlife  Refuge  Management 

0 

0 

0 

GS-0486 

Wildlife  Biology 

0 

78 

78 

GS-0487 

Animal  Science 

0 

3 

3 

GS-0493 

Home  Economics 

0 

15 

15 

Subtotal 

1,102 

2,109 

3,211 

®  Office  of  Personnel  Management  job  occupational  group  and  series  code  numbers. 
Source:  Defense  Manpower  Data  Center. 
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Table  E-1-1. 

DoD  Scientists  and  Engineer  Inventory  (30  September  1990) 
(Continued) 


Broad 

Academic  Field 

0PM  job 
code® 

Field  of  study 

Military 

Civilian 

Total 

Mathematics  and 
Computer  Science 

GS-0334 

Computer  Specialist 

3,142 

27,521 

30,663 

GS-1510 

Actuary 

0 

9 

9 

GS-1515 

Operations  Research 

2,531 

3,479 

6,010 

GS-1520 

Mathematics 

954 

1,984 

2,938 

GS-1529 

Mathematical  Statistician 

7 

134 

141 

GS-1530 

Statistician 

13 

157 

170 

GS-1540 

Cryptography 

5 

0 

5 

GS-1550 

Computer  Science 

6,807 

2,483 

9,290 

Subtotal 

13,459 

35,767 

49,226 

Social  Sciences 

GS-0020 

Community  Planning 

0 

224 

224 

GS-0028 

Environmental  Protection 
Specialist 

578 

792 

1,370 

GS-0101 

Social  Science 

18 

1,465 

1,483 

GS-0110 

Economist 

0 

326 

326 

GS-0135 

Foreign  Agricultural  Affairs 

0 

0 

0 

GS-0150 

Geography 

0 

98 

98 

GS-0180 

Psychology 

700 

1,188 

1,888 

GS-0184 

Sociology 

0 

11 

11 

GS-0190 

General  Anthropology 

0 

16 

16 

GS-0193 

Archeology 

0 

105 

105 

Subtotal 

1,296 

4,225 

5,521 

®  Office  of  Personnel  Management  job  occupational  group  and  series  code  numbers. 
Source:  Defense  Manpower  Data  Center. 
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Table  E-M, 

DoD  Scientists  and  Engineer  Inventory  (30  September  1990) 
(Continued) 


Broad 

Academic  Field 

0PM  job 
code 

Field  of  study 

Military 

Civilian 

Total 

Engineers  and 
Architects 

GS-0801 

General  Engineering 

6,651 

12,431 

19,082 

GS-0803 

Safety  Engineering 

477 

379 

856 

GS-0804 

Fire  Prevention  Engineering 

0 

74 

74 

GS-0806 

Materials  Engineering 

0 

908 

908 

GS-0807 

Landscape  Architecture 

0 

172 

172 

GS-0808 

Architecture 

1,748 

1,136 

2,884 

GS-0810 

Civil  Engineering 

5,769 

9,618 

15,387 

GS-0819 

Environmental  Engineering 

0 

1,195 

1,195 

GS-0830 

Mechanical  Engineering 

675 

11,938 

12,613 

GS-0840 

Nuclear  Engineering 

459 

2,610 

3,069 

GS-0850 

Electrical  Engineering 

25 

3,003 

3,028 

GS-0855 

Electronics  Engineering 

4,675 

25,581 

30,256 

GS-0858 

Biomedical  Engineering 

64 

54 

118 

GS-0861 

Aerospace  Engineering 

4,500 

4,775 

9,275 

GS-0871 

Naval  Architecture 

104 

1,190 

1,294 

GS-0880 

Mining  Engineering 

0 

1 

1 

GS-0881 

Petroleum  Engineering 

2 

4 

6 

GS-0890 

Agricultural  Engineering 

0 

0 

0 

GS-0892 

Ceramic  Engineering 

0 

28 

28 

GS-0893 

Chemical  Engineering 

1 

951 

952 

GS-0894 

Welding  Engineering 

15 

86 

101 

GS-0896 

Industrial  Engineering 

315 

2,967 

3,282 

GS-1221 

Patent  Advisor 

0 

20 

20 

GS-1223 

Patent  Classifying 

0 

0 

0 

GS-1225 

Patent  Interference 

Examining 

0 

78 

78 

GS-1226 

Design 

0 

15 

15 

Subtotal 

25,480 

79,121 

104,601 

®  Office  of  Personnel  Management  job  occupational  group  and  series  code  numbers. 
Source:  Defense  Manpower  Data  Center. 
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Table  E-1-1. 

DoD  Scientists  and  Engineer  Inventory  (30  September  1990) 
(Continued) 


Broad 

Academic  Field 

OPM  job 
code® 

Field  of  study 

Military 

Civilian 

Total 

Health  Care 
Professionals 

GS-0601 

General  Health  Science 

296 

156 

452 

GS-0602 

Medical  Officer 

10,745 

1,347 

12,092 

GS-0660 

Pharmacist 

581 

540 

1,121 

GS-0662 

Optometrist 

464 

41 

505 

GS-0665 

Speech  Pathology  &  Audiology 

126 

166 

292 

GS-0668 

Podiatrist 

97 

13 

110 

GS-0680 

Dentist 

4,240 

67 

4,307 

GS-0690 

Industrial  Hygiene 

0 

551 

551 

GS-0696 

Consumer  Safety 

0 

0 

0 

GS-0701 

Veterinary  Medical  Science 

448 

21 

469 

Subtotal 

16,997 

2,902 

469 

Scientists 

Physical  and 

Environmental 

Sciences 

3,307 

12,543 

15,850 

Life  Sciences 

1,102 

2,109 

3,211 

Mathematics  and 
Computer  Science 

13,459 

35,767 

49,226 

Social  Sciences 

1,296 

4,225 

5,521 

Subtotal,  Scientists 

19,164 

54,644 

73,808 

Engineers  & 
Architects 

25,480 

79,121 

104,601 

Health  Care 
Professionals 

16,997 

2,902 

19,899 

Total  Scientists  &  Engineers 

Grand  Total 

198,308 

IIH 

®  Office  of  Personnel  Management  job  occupational  group  and  series  code  numbers. 
Source:  Defense  Manpower  Data  Center. 
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Annex  E-2 


Inventory  of  DoD  Scientists  and 
Engineers  —  Changes,  1980  to  1990 


Inventory  of  DoD  Scientists  and 
Engineers  —  Changes,  1980  to  1990 


Table  E-2-1  displays  the  number  of  scientists  and  engineers  employed  by  the 
DoD  in  military  and  civilian  positions  for  the  even  years  from  1980  to  1990.  Dur¬ 
ing  that  period,  the  numbers  of  scientists  and  engineers  in  DoD  increased  by 
nearly  62,000,  or  45.5  percent.  This  equates  to  an  annual  rate  of  increase  of  ap¬ 
proximately  6,200  scientists  and  engineers,  or  a  growth  of  4.5  percent  per  year. 

Not  all  categories  of  scientists  and  engineers  increased  at  the  same  rate, 
however.  The  number  of  physical  scientists  and  health  care  professionals  re¬ 
mained  virtually  constant  over  the  period,  with  the  mathematics  and  computer 
science  fields  showing  the  largest  growth. 

When  health  care  professionals  are  excluded  from  the  inventory,  there  still 
are  approximately  178,000  olther  scientists  and  engineers  in  the  DoD.  That  is  a 
much  greater  quantity  than  the  most  recent  DoD  estimate  of  127,000  military  and 
civihan  scientists  and  engineers  that  was  given  to  Congress  in  March  of  1990.  If 
the  existing  differences,  disagreements,  and  omissions  occurring  among  the  S&E 
lists  of  Appendix  E,  Annex  3  were  resolved,  there  would  be  an  even  larger  in¬ 
ventory  of  DoD  scientists  and  engineers. 
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Table  E-2-1. 

DoD  Scientist  and  Engineer  Inventories:  1980  to  1990 
(military  and  civilian) 


Year 

Broad 

Academic  Field 

1980 

1982 

1984 

1986 

1988 

1990 

Percent 
change: 
1980 
to  1990 

Scientists 

Physical  and 

Environmental 

Sciences 

15,843 

15,956 

16,665 

16,873 

16,365 

15,850 

+  0.04 

Life  Sciences 

2,264 

2,438 

2,606 

2,958 

3,067 

3,211 

+  41.83 

Mathematics  and 
Computer  Science 

27,405 

31,021 

35,089 

46,121 

49,215 

49,226 

+  79.62 

Social  Sciences 

3,097 

3,522 

3,776 

4,351 

4,758 

5,521 

+  78.27 

Subtotal  Scientists 

48,609 

52,937 

58,136 

70,303 

71,405 

73,808 

+  51.84 

Engineers  and 
Architects 

67,716 

74,109 

83,136 

96,581 

^  101,995 

104,601 

+  54.47 

Health  Care 

20,061 

20,742 

21,138 

21,512 

19,439 

19,899 

-0.81 

Total  Scientists  and 
Engineers 

136,386 

147,770 

162,410 

188,396 

192,839 

198,308 

+  45.40 

Source:  Defense  Manpower  Data  Center. 

Note:  Numbers  shown  include  both  military  and  civilian  personnel. 
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Annex  E-3 


Comparison  of  Federal  Civilian  Scientist 
and  Engineering  Job  Occupational 

Groups  and  Series 


Comparison  of  Federal  Civilian  Scientist 
and  Engineering  Job  Occupational 
Groups  and  Series 


Table  E-3-1  compares  four  different  sets  of  civilian  scientists  and 
engineering  job  occupational  groups  and  series.  Both  the  Office  of  Personnel 
Management  and  the  National  Science  Foundation  publish  "official"  taxonomies 
of  the  particular  job  skills  that  they  define  as  "scientist  and  engineer."  These  are 
reflected  in  the  first  two  columns  and  identify  differences  between  the  lists  of  the 
agencies.  In  the  course  of  this  work,  we  have  suggested  to  both  the  OPM  and 
the  NSF  staffs  that  reconciliation  be  begrm.  We  were  encouraged  by  their 
Umited  responses. 

The  Office  of  Personnel  Management  controls  Federal  job  classification. 
That  would  seem  to  make  OPM  preeminent  in  determining  what  Federal  jobs 
require  to  be  filled  by  scientists  or  engineers.  The  National  Science  Formdation, 
in  preparing  its  statistical  tables  showing  "Federal  scientists  and  engineers,"  uses 
data  provided  by  OPM. 

The  NSF  taxonomy  and  the  OPM  taxonomy  are  not  consistent,  as  shown  by 
comparing  tihe  first  two  columns  in  Table  E-3-1.  Most  of  the  disagreements  are 
not  substantitve,  but  there  are  a  few  significant  differences.  The  NSF  does  not 
include  history,  social  work,  or  landscape  architecture  as  part  of  the  S&E 
taxonomy,  for  example,  even  though  OPM  does. 

There  are  also  differences  in  the  treatment  of  certain  job  skills  related  to  the 
patent  process.  Discussions  with  representatives  of  the  United  States  Patent 
Office,  Department  of  Commerce,  indicated  that  all  of  the  six  different  patent  job 
skills  utilized  there  require  engineering  degrees  as  prerequisites  for  those 
positions.  We  believe  that  NSF  should  include  these  skills  in  their  S&E 
taxonomy. 

The  job  of  computer  specialist  (OPM  job  code  0334)  is  another  problem.  The 
NSF  counts  it  as  an  S&E  skill  but  OPM  does  not.  The  OPM  staff  concurs  with  a 
need  for  realignment  and  intends  to  follow  die  NSF  lead  in  listing  this  skill 
within  the  S&E  group. 

The  NSF  does  not  include  cryptography  (OPM  job  code  1540)  for  the  simple 
reason  that  there  are  not  many  persons  in  this  skill.  There  were  five  Federal 
civilians  classified  in  this  job  skill  in  1990.  We  note,  however,  that  several  job 
skills  have  fewer  than  five  [such  as  petroleum  engineering  (1)  and  agriculture 
engineering  (4)].  It  seems  unreasonable  to  exclude  cryptography. 
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A  major  difference  between  the  practices  of  the  two  agencies  exists  in  the 
handling  of  health  care  professionals.  OPM  includes  them  and  NSF  does  not. 
The  argument  of  NSF  is  that  they  have  nothing  to  do  with  funding  activities  in 
the  health  care  field.  That  is  the  responsibility  of  the  National  Institutes  of 
Health.  Most  health  care  professionals  receive  instruction  in  many  scientific 
fields,  however.  In  many  cases  they  actually  conduct  research  after  completing, 
say,  a  medical  or  nursing  education.  Those  professionals  do  not  deliver  health 
care  to  the  public.  We  believe  that  the  best  national  lists  of  scientific  and 
engineering  positions  should  include  those  included  in  the  health  care 
professions. 

Table  E-3-1  also  shows  in  columns  three  and  four,  a  comparison  between 
lists  of  scientist  and  engineering  job  skills  used  by  the  Office  of  the  Secretary  of 
Defense  and  by  the  authors.  The  OSD  list  was  given  to  LMI  at  the  beginning  of 
this  study.  The  LMI  list  was  sent  to  the  Defense  Manpower  Data  Center  to 
obtain  the  longitudinal  data  required  for  Tables  E-1-1  and  E-2-1.  The  latter  list 
includes  some  changes  (based  on  experience)  from  the  OSD  list,  but  even  the 
LMI  list  is  probably  incomplete. 

As  a  result  of  the  above  differences  and  discrepancies,  the  data  included  in 
this  appendix  must  be  considered  preliminary.  We  believe  that  a  resolution  of 
the  described  differences  should  be  sought.  Refined  data  can  then  be  obtained 
from  DMDC. 
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Table  E-3-1. 

Comparison  of  Federal  Civilian  Scientist  and  Engineering  Job 
Occupational  Groups  and  Series 


0PM" 
job  code 

Field  of  study 

OPM” 

NSF' 

OSO” 

LMl® 

1301 

Scientists 

Physical  and  Environmental  Sciences 

General  physical  sciences 

• 

• 

• 

• 

1306 

Health  Physics 

• 

• 

• 

• 

1310 

Physics 

• 

• 

• 

• 

1313 

Geophysics 

• 

• 

• 

• 

1315 

Hydrology 

• 

• 

• 

• 

1320 

Chemistry 

• 

• 

• 

• 

1321 

Metallurgy 

• 

• 

• 

1330 

Astronomy  and  space  science 

• 

• 

• 

1340 

Meteorology 

• 

• 

• 

1350 

Geology 

• 

• 

• 

1360 

Oceanography 

• 

• 

• 

1370 

Cartography 

• 

• 

• 

• 

1372 

Geodosy 

• 

• 

• 

• 

1373 

Land  surveying 

• 

• 

• 

1380 

Forest  products  technology 

• 

• 

• 

• 

1382 

Food  technology 

• 

• 

• 

• 

1384 

Textile  technology 

• 

• 

• 

• 

1386 

Photographic  technology 

• 

• 

• 

• 

0401 

Life  Sciences 

General  biological  science 

• 

• 

• 

• 

0403 

Microbiology 

• 

• 

• 

0405 

Pharmacology 

• 

• 

• 

0406 

Agricultural  extension 

• 

• 

• 

0408 

Ecology 

• 

• 

• 

• 

0410 

Zoology 

• 

• 

• 

• 

0413 

Physiology 

• 

• 

• 

• 

0414 

Entomology 

• 

• 

• 

• 

0415 

Toxicology 

g 

• 

• 

0430 

Botany 

• 

• 

• 

• 

0434 

Plant  pathology 

• 

• 

• 

• 

0435 

Plant  physiology 

• 

• 

• 

• 

0436 

Plant  protection  and  quarantine 

• 

• 

• 

• 

0437 

Horticulture 

• 

• 

• 

• 

Note:  See  footnotes  at  the  end  of  the  table. 
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Table  E-3-1. 

Comparison  of  Federal  Civilian  Scientist  and  Engineering  Job 
Occupational  Groups  and  Series  (Continued) 


0PM" 
job  code 

Field  of  study 

OPM'’ 

NSF" 

oso" 

LMI' 

0438 

Life  Sciences  (continued) 

Genetics 

• 

• 

• 

• 

0454 

Range  conservation 

• 

• 

• 

• 

0457 

Soil  conservation 

• 

• 

• 

• 

0460 

Forestry 

• 

• 

• 

• 

0470 

Soil  science 

• 

• 

• 

• 

0471 

Agronomy 

• 

• 

• 

• 

0475 

Agriculture  management 

• 

• 

• 

0480 

General  fish  and  wildlife  administration 

• 

• 

• 

• 

0482 

Fishery  biology 

• 

• 

• 

• 

0485 

Wildlife  refuge  management 

• 

• 

• 

• 

0486 

Wildlife  biology 

• 

• 

• 

0487 

Animal  science 

• 

• 

• 

• 

0493 

Home  economics 

• 

f 

• 

• 

0334 

Mathematics  and  Computer  Science 

Computer  specialist 

g 

• 

• 

1510 

Actuary 

• 

• 

• 

• 

1515 

Operations  research 

• 

• 

• 

• 

1520 

Mathematics 

• 

• 

• 

• 

1529 

Mathematics  statistician 

• 

• 

• 

• 

1530 

Statistician 

• 

• 

• 

• 

1540 

Cryptography 

• 

h 

# 

• 

1550 

Computer  science 

• 

• 

• 

• 

0020 

Social  Sciences 

Community  planning 

• 

• 

• 

0028 

Environmental  science 

g 

f 

0101 

Social  science 

• 

• 

• 

0110 

Economist 

• 

• 

• 

0135 

Foreign  agriculture  affairs 

g 

• 

• 

0140 

Manpower  research  and  analysis 

• 

f 

0150 

Geography 

• 

• 

• 

• 

0170 

0180 

History 

Psychology 

• 

• 

i 

• 

• 

• 

0184 

Sociology 

• 

• 

• 

Note;  See  footnotes  at  the  end  of  the  table. 
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Table  E-3-1. 

Comparison  of  Federal  Civilian  Scientist  and  Engineering  Job 
Occupational  Groups  and  Series  (Continued) 


0PM" 
job  code 

Field  of  study 

OPM'> 

Social  Sciences  (continued) 

0185 

Social  Work 

• 

i 

0190 

General  anthropology 

• 

• 

• 

• 

Engineers  and  Architects 

0193 

Archaeology 

• 

• 

• 

• 

0801 

General  engineering 

• 

• 

• 

• 

0803 

Safety  engineering 

• 

• 

• 

• 

0804 

Fire  prevention  engineering 

• 

• 

• 

• 

0806 

Materials  engineering 

• 

• 

• 

• 

0807 

Landscape  architecture 

• 

i 

• 

• 

0808 

Architecture 

• 

• 

• 

• 

0810 

Civil  engineering 

• 

• 

• 

• 

0819 

Environmental  engineering 

• 

• 

• 

• 

0830 

Mechanical  engineering 

• 

• 

• 

• 

0840 

Nuclear  engineering 

• 

• 

• 

• 

0850 

Electrical  engineering 

• 

• 

• 

• 

0854 

Computer  engineering 

• 

i 

0855 

Electronics  engineering 

• 

• 

• 

• 

0858 

Biomedical  engineering 

• 

• 

• 

• 

0861 

Aerospace  engineering 

• 

• 

• 

• 

0871 

Naval  architecture 

• 

• 

• 

• 

0880 

Mining  engineering 

• 

• 

• 

• 

0881 

Petroleum  engineering 

• 

• 

• 

0890 

Agricultural  engineering 

• 

• 

• 

0892 

Ceramic  engineering 

j 

• 

• 

• 

0893 

Chemical  engineering 

• 

• 

0894 

Welding  engineering 

• 

• 

8096 

Industrial  engineering 

• 

• 

• 

1220 

Patent  administration 

• 

i 

1221 

Patent  advisor 

• 

f 

• 

• 

1223 

Patent  classifying 

• 

i 

• 

• 

1224 

Patent  examining 

• 

i 

1225 

Patent  interference  examining 

• 

i 

• 

• 

1229 

Design  patent  examining 

• 

f 

• 

• 

Note:  See  footnotes  at  the  end  of  the  table. 
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Table  E-3-1. 

Comparison  of  Federal  Civilian  Scientist  and  Engineering  Job 
Occupational  Groups  and  Series  (Continued) 


0PM" 
job  code 

Field  of  study 

OPM” 

NSF 

080“ 

LMl" 

Health  Care  Professionals 

0601 

General  health  science 

• 

i 

• 

0602 

Medical  officer 

• 

• 

• 

0610 

Nurse 

• 

0630 

Dietician  and  nutritionist 

• 

0631 

Occupational  therapist 

• 

0633 

Physical  therapist 

• 

0635 

Corrective  therapist 

• 

0637 

Manual  arts  therapist 

• 

0638 

Recreation/creative  arts  therapist 

• 

0639 

Educational  therapist 

• 

0644 

Medical  technologist 

• 

0660 

Pharmacist 

• 

• 

• 

0662 

Optometrist 

• 

• 

• 

0665 

Speech  pathologist  and  audiologist 

• 

• 

0668 

Podiatrist 

• 

0680 

Dental  officer 

• 

0690 

Industrial  hygiene 

• 

0696 

Consumer  safety 

• 

• 

0701 

Veterinary  medical  science 

• 

• 

®  Occupational  group  and  series  job  codes  used  by  the  Office  of  Personnel  Management  for  classifying 
federal  civilian  employees. 

Office  of  Personnel  Management  (0PM)  list  of  Scientist  and  Engineer  job  codes  as  published  in  Handbook 
of  Occupational  Groups  and  Series.  Washington,  DC;  Office  of  Classification,  1989. 

®  National  Science  Foundation  (NSF)  list  of  federal  civilian  employee  job  occupational  group  and  series  as 
published  in  "National  Science  Foundation,  Surveys  of  Science  Resource  Series,  Federal  Scientists  and 
Engineers:  1988,  (NSF  89-322),  Washington,  DC. 

Office  of  the  Secretary  of  Defense  (OSD)  list  of  Scientist  and  Engineer  job  codes  provided  to  LMl  at  the 
initiation  of  this  study. 

®  Federal  Civilian  Scientist  and  Engineer  job  codes  used  by  LMl  to  obtain  longitudinal  data  from  the  Defense 
Manpower  Data  Center  on  DoD  scientist  and  engineer  employment  in  DoD  from  1981  to  1990. 

’  Discussions  with  Mr.  John  Tsapogas  at  the  National  Science  Foundation  indicated  that  they  agree  that 
these  job  skills  should  be  included  In  their  scientist  and  engineer  taxonomy. 

®  Discussions  with  Mr.  Philip  Schneider  at  the  National  Science  Foundation  indicated  that  they  agree  that 
these  job  skills  should  be  included  in  their  scientist  and  engineer  taxonomy. 

^  Discussions  with  Mr.  John  Tsapogas  at  the  National  Science  Foundation  indicated  that  they  exclude  this 
job  skill  because  of  the  small  numbers  involved. 

'  Discussions  with  Mr.  John  Tsapogas  at  the  National  Science  Foundation  indicated  that  they  do  not  believe 
these  job  skills  should  be  included  in  their  scientist  and  engineering  taxonomy. 

'  Discussions  with  Mr.  John  Tsapogas  at  the  National  Science  Foundation  indicated  that  they  do  not  include 
Health  Care  Professionals  as  scientists  and  engineers  because  they  do  not  fund  programs  In  these  fields. 
They  are  the  responsibility  of  the  National  Institutes  of  Health. 
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Annex  E-4 


DoD  Military/Civilian 
Master  Crosswalk 


DoD  Military /Civilian 
Master  Crosswalk 


In  the  early  1980's,  the  Office  of  the  Assistant  Secretary  of  Defense  (Force 
Management  and  Personnel/ Accession  Policy)  began  an  effort,  using 
Booz-Allen  &  Hamilton  of  Bethesda,  Maryland,  to  create  a  crosswalk  between 
the  federal  civilian  job  codes  and  military  specialty  or  occupational  job  codes. 

The  first  step  in  this  project  consisted  of  matching  military  occupational 
codes  (MOCs)  with  U.S.  Department  of  Labor's  Dictionary  of  Occupational  Titles 
(DOT)  codes.  Then  the  MOC's  were  linked  to  other  civilian  job  code  taxonomies, 
including  the  OPM  job  code  series.  These  relationships  were  established 
through  an  initial  linkage  via  mutual  DOT  codes. 

The  resulting  DoD  Military /Civilian  linkages  are  now  maintained  in  a 
"Master  Crosswalk"  file  at  the  Defense  Manpower  Data  Center  (DMDC), 
Monterey,  California.  This  master  crosswalk  was  used  by  Booz-Allen  at  the 
request  of  LMI  and  with  the  permission  of  the  Accession  Policy  office  to  create  a 
list  of  MOCs  that  was  representative  of  DoD  scientist  and  engineering  skills 
provided  by  OSD  for  this  study. 

The  basis  for  selecting  OPM  and  MOC  codes,  through  the  DOT  linkage,  was 
the  similarity  of  tasks  performed  in  the  military  and  civilian  occupations. 
Analysts  compared  the  standardized  definitions  for  civilian  occupations 
contained  in  the  DOT  with  definitions  that  each  Service  had  developed  for  its 
military  occupations.  In  judging  equivalency  of  selected  skills,  analysts  applied 
an  ideal  referred  to  as  the  "two-way  test."  That  is,  they  estimated  whether  fully 
qualified  workers  in  the  civilian  occupation  could  perform  the  essential  tasks  of 
the  military  occupation  after  receiving  orientation  and  equipment-specific 
training;  and  the  reverse,  whether  fully  qualified  workers  in  the  military 
occupation  could  perform  the  essential  tasks  of  the  civilian  occupation  after 
receiving  only  orientation  and  equipment-specific  training. 

The  resultant  linkages  have  several  limitations.  First,  some  MOCs  state  that 
a  degreed  scientist  or  engineer  is  "desirable"  to  fill  the  position,  but  not 
required.  This  feasibility  creates  some  difficulty  in  making  specific  links. 
Second,  Navy  Officer  Billet  Codes  are  assigned  to  billets  (jobs  or  positions),  not 
to  officers.  As  a  result,  we  assumed  that  the  incumbent  in  the  billet  has  the 
qualifications  of  the  billet  code;  this  assumption  is  not  always  valid,  however. 

Third,  the  differences  among  the  NSF,  OPM,  and  OSD  taxonomies  for 
federal  civilian  scientists  and  engineers  (see  Annex  E-3  of  this  Appendix),  it  is 
expected  that  there  would  also  be  inconsistencies  in  some  of  the  MOCs. 


E-4-3 


Finally,  the  Military  Services  have  not  had  an  opportunity  to  review  the  list 
of  MOCs  for  accuracy.  Therefore,  we  must  assume  that  the  resulting  list  of 
MOCs  based  on  the  DoD  Military/Civilian  Master  Crosswalk  is  only 
preliminary.  A  future  effort  should  be  made  to  review  these  MOCs  and  assure 
that  they  are  representative  of  those  military  occupational  skills  requiring 
degreed  scientists  or  engineers. 
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Appendix  F 


Retention  of  Cooperative  Education 
Program  Hires  Versus  Direct  Hires 


Retention  of  Cooperative  Education 
Program  Hires  Versus  Direct  Hires 


This  appendix  examines  the  retention  rate  of  two  types  of  employees  hired 
as  new  journeymen  (GS-5/9)  scientists  and  engineers  at  the  Naval  Air 
Development  Center  (NADC),  Warrrunster,  Pennsylvania,  during  the  period 
FY 1985  through  FY 1990. 

NADC  has  a  fairly  large  Cooperative  Education  Program  (COOP)  that 
attracts  new  baccalaureate  and  masters  degree  scientists  and  engineers  to  seek 
full-time  emplo5unent  in  their  laboratories.  To  fulfill  their  total  employment 
needs  for  scientists  and  engineers,  NADC  also  goes  directly  to  the  marketplace 
with  normal  recruiting  practices  to  fill  the  remainder  of  its  vacancies. 

During  the  period  from  FY  1985  through  FY  1990,  NADC  hired  412  new 
journeyment  scientists  and  engineers:  125  COOP  graduates  and  287  direct  hires. 
Table  F-1  shows  a  comparison  of  retention  data  for  the  two  groups  of  employees 
by  year  of  employment.  For  each  group.  Table  F-1  provides  the  number  hired, 
the  average  number  of  years  the  employees  remained  on  the  NADC  payroll,  and 
the  percentage  that  remained  on  the  payroll  for  the  entire  period  after  being 
hired. 

To  illustrate  the  use  of  the  table,  NADC  hired,  in  FY  1985,  25  scientists  and 
engineers  through  COOP  and  another  139  directly.  The  COOP  graduates  stayed 
an  average  of  5.44  years  (out  of  the  maximum  6  years  from  FY  1985  through  FY 
1990),  while  the  direct-hire  employees  stayed  an  average  of  5.11  years.  In  addi¬ 
tion,  73  percent  of  the  COOP  employees  were  still  on  the  job  in  FY  1990,  versus 
62  percent  of  the  direct-hire  employees. 

The  retention  rate  of  COOP  graduates  is  higher  for  those  employed  in  FY 
1985,  FY  1987,  and  FY  1989.  In  FY  1986,  the  retention  rate  of  direct-hire  person¬ 
nel  is  higher,  although  the  numbers  of  new  employees  hired  that  year  is  some¬ 
what  smaller  than  in  other  years.  No  direct-hire  employees  joined  the  NADC 
work  force  in  FY  1988. 

Based  on  these  data  it  appears  that  COOP-developed  employees  may  elect 
to  remain  Government  employees  for  longer  periods  of  time  than  those  hired  di¬ 
rectly  in  the  marketplace.  Of  course,  a  number  of  related  factors  need  to  be  ex¬ 
amined  before  this  assumption  can  be  be  proved. 
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Table  F-1. 

NADC  Retention  Experience  with  COOP  and  Direct  Hire 
Scientists  and  Engineers 


Fiscal  year  hired 

Program 

FY1985 

FY1986 

FY  1987 

FY  1988 

FY1989 

FY1990 

COOP 

Number  hired 

25 

18 

28 

18 

24 

11 

Average  number  of 
years  employed 

5.44 

4.06 

3.71 

2.56 

2.00 

1.00 

Percent  remaining 
since  hired 

73% 

56% 

82% 

72% 

100% 

100% 

Direct  hire 

Number  hired 

139 

8 

63 

None 

31 

47 

Average  number  of 
years  employed 

5.11 

4.38 

3.56 

1.97 

1.00 

Percent  remaining 
since  hired 

62% 

75% 

81% 

97% 

100% 

Source:  NADC  staff. 
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INTRODUCTION 

..  responds  to  Section  843  of  Public  Law  loi-isp 

tte  National  Defense  Authorization  Act  for  Fiscal  Years  1990  and 
1991,  which  requires  the  Secretary  of  Defense  “  sSSS  f  report 
on  Science  and  Technology  Education  Prograns  in  the  DoD  as  follows: 

(a)  FINDINGS.  -  Congress  makes  the  following  findings: 

(1)  The  possession  and  maintenance  of 
technologically  superior  systems  in  the 
Department  of  Defense  is  a  critical  part  of 
^e  national  defense  strategy  of  the  United 

Defense  programs  -  use  a  significant 
portion  of  the  entire" science- And  technoloov 
workforce  of  the  United  States. 

(3)  The  science  and  technology  workforce  of 
the  United  States  has  been  declining  in 
recent  years  and  that  decline  threatens  the 
supply  of  qualified  engineers  and  scientists 
for  the  Department  of  Defense  in  the  future. 

(b)  SEISE  OF  CONGRESS.  -  In  light  of  the  findinas  of 

**“  i»nsJof  congress 

I>«fense  should  take  such  actions  as  may  be 

promote  and  encourage,  at 


SeCTetary  of  Defense  shall  submit  to 
the  Committees  on  Armed  Services  of  the  Senate  and  House 

^  top«sentativ«,  by  Prtruary  I,  1990" 

proposed  new  prograas  of  the 
Department  of  Defense  and,  as  appropriate,  oroDosed 
programs  to  preserve  and  perpetuate  an 
UnitS^'s^tif^V^^® «n9ineering  workforce  for  the 

nJiLJT^  Internships  at  Department  of 
laboratories  for  precollege  teachers 

disciplini'  or  other  technical 


an 


(2)  An  award  program  for 
precollege  teachers  in  sciences, 
or  other  technical  disciplines. 


exceptional 

engineering 


1 


(3)  A  scholarship  program  for  undergraduates 
in  scientific  or  technical  education  who  plan 

to  teach  those  disciplines  at  the  precolleoe 
level .  ^ 

(4)  £^anding  the  Beunry  Goldvater 
Scholarship  and  Excellence  in  Education 
Program  or  any  other  such  program  that  the 
Secretary  and  Director  mutually  agree  would 
promote  increases  in  scientific  and 
engineering  careers. 


follows  is  divided  into  four  sections: 
provides  an  overview;  Section  II  describes  existing  DoD 
examines  the  potential  for  expansion;  Section  III 
program  effectiveness,  new  programs  and  evaluates 

Committees;  and  Section  IV  provides 
Sf  Appendix  A  provides  a  data  base 

'  participation  level  and  funding  and  Appendix  B 
information  collected  independent  of  the 
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SECTION  I: 


SCIENCE  AND  ENGINEERING 
OF  DEFENSE  -  AN  OVERVIEW 


EDPCATION  IN  THE  DEPAR>1 


n 


As  Congress  stated  in  the  findings,  the  Department  of  Defense 
relies  heavily  on  a  strategy  of  technological  superiority  to 
counter  the  numerical  superiority  of  potential  adversaries  and  is 
a  ma^or  employer  of  scientists  and  engineers.  The  D.S.  science  and 
engineering  work  force  totaled  4,626,500  in  1986  according  to  the 
last  National  Science  Foundation  survey  (i) .  Fields  included  in 
this  survey  are  physical  scientists,  mathematical  scientists, 
computer  specialists,  enyiromental  scientists,  life  scientists, 
psychologists,  social  scientists  and  engineers.  The  survey  also 
indicated  that  13  percent  of  that  work  force  (600,000)  was  in 
defense  related  activity,  (1).  The  Department  of. Defense  directly 
employs  approximately  127,000  civilian  and  military  scientists  and 
engineers  (2)  or  2.8  percent  of  the  national  pool.  Of  this  number, 
approximately  100,000  are  civilian  employees  of  DoD  of  whom  25,000 
are  engaged  in  research  and  development  in  DoD  laboratories  and 

therefore,  has  a  vital  interest  in  the 
nation's  colleges  and  universities  to  produce  hiohlv 
trained  scientists  and  engineers.  ^ 


A  rnnnber  of  factors  may  impact  DoD's  future  ability  to  recruit 
and  retain  qualified  scientific  and  technical  personnel.  Chief 
concerns  is  changing  demographics  that  will  markedly 
affe^  toe  composition  of  toe  work  force.  This  concern  is  most 
concisely  addre^ed  in  toe  report,  "Chemging  America:  The  New  Face 
of  Science  and  Engineering,"  prepared  in  1988  by  toe  interagency 
Task  Force  cm  Women,  Minorities  emd  toe  Handicapped  in  Science  and 

report  notes  in  particular  that  by  toe  year 
2000,  85  ^rcent  of  toe  increase  in  new  entrants  to  toe  work  force 
IS  projected  to  be  women,  minorities,  handicapped  persons  and 

traditionally  have  tended  to  choose 
careers  other  than  science  and  engineering. 

^  concern  is  toe  decline  in  toe  percentage 

of  U.  S.  c^izens  pursuing  science  and  engineering  degrees  and 
careers.  The  total  number  of  scientists  and  engineers  in  toe  work 
force  increased  at  a  rate  of  approximately  7  percent  per  year 
between  1976  and  1986  (i),  however  much  of  this  incr^e  was 
composed  of  non-U. S.  citizens  who  are  ineligible  for  federal 
employment.  Ov^  toe  period  1974  to  1985,  toe  number  of  B.Sc. 
degrees  awarded  in  science  and  engineering  increased  by  only  0.5 
percent  per  year,  toe  number  of  M.Sc.  degrees  increased  by  i.i 
percent  per  year,  and  toe  number  of  Ph.D.s  actually  decreased  by 

ye^  (4) .  While  these  figures  appear  rather  low, 
^®  citizens  and  natioxials  is  even  worse  since  toe 

obscured  by  toe  large  number  of  foreign 
rtudento  in  U.S.  schools.  For  example,  in  1986  75  percent  of  toe 
graduate  students  receiving  financial  aid  from  university 
®?*9i*'®®^^*'9  departments  were  foreign  students  emd  50  percent  of 
Ph.D.s  awarded  were  to  foreign  nationals.  Most  of  these  students. 
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because  of  comnitments  to  return  to  their  country  of  origin;  lack 
of  U.S.  citizenship;  or  ineligibility  for  a  security  clearance,  are 
not  available  to  the  Defense  science  and  engineering  work  force. 

Moreover,  the  total  number  of  college  freshmen  pursuing 
degrees  in  science  and  engineering  (S&E)  has  also  been  dropping 
over  the  past  decade  (although  recently  released  figures  from  an 
American  Association  of  Engineering  Societies  study  show  a 
3  percent  increase  over  the  previous  year  for  1988,  indicating  a 
possible  reversal  of  the  trend  for  engineering) .  Even  more 
distressing  is  the  poor  performance  exhibited  by  U.S.  students  on 
standardized  math  and  science  tests  at  the  precollege  level  when 
compared  to  their  contemporaries  in  other  industrialized 
countries. 

The  DoD  is  thus  faced  with,  a)  a  flat  to  declining  supply  of 
U.S.  citizens  graduating  from  universities;  b)  an  unfavorable 
demographic  projection  for  the  groups  that  have  traditionally 
provided  the  largest  numbers  of  scientists  and  engineers;  c)  a 
decrease  in  the  quality  of  high  school  graduates;  and  d)  an 
unfavorable  pay  structxire  to  compete  for  the  available  people! 
The  recruiting  problem  could  become  even  more  difficult  if  th4 
present  loss  rate  were  exacerbated  by  a  further  deterioration  in 
the  civil  service  pay  schedule  relative  to  the  private  sector. 
This  is  a  serious  problem  for  a  Department  that  relies  heavily  on 
advamced  technology. 

In  our  efforts  to  reverse  the  decline  we  are  seeking  to 
corrert  deficiencies  in  the  compensation  and  benefit  package  for 
S&Es  in  civil  service,  to  effect  changes  in  training  regulations 
to  allow  government  e]iq}loyees  to  obtain  either  undergraduate  or 
advamced  degrees  in  science  and  engineering  as  part  of  a  training 
program,  to  develop  exploratory  programs  using  the  Department  of 
Defense  Dependents  Schools  (DODDS) ,  and  to  develop  a  cost  model  to 
guide  investment  strategies  in  intervention  programs. 

While  the  DoD  has  a  clear  interest  in  and  concern  for 
maintaining  an  adequate  supply  of  well-'trained  scientists  and 
engineers,  the  courses  of  action  selected  to  address  this  issue 
must  be  consistent  with  the  mission  and  statutory  authority  of  the 
DoD.  The  Department  of  Education  and  the  National  Science 
Foundation  have  a  major  mission  and  a  clear  mandate  to  develop  and 
conduct  programs  in  science  and  engineering  education.  The  DoD 
mission  is  to  provide  for  national  security,  and  any  education 
programs  it  conducts  must  be  in  direct  support  of  that  mission. 

^e  DoD  does  make  a  major  investment  in  education  and 
training,  spending  over  $32  billion  a  year  to  train  350,000 
recruits;  maintain  technical  skills  of  750,000  technicians;  conduct 
flight  Gaining  for  pilots;  and  support  a  host  of  other  training 
activities  to  maintain  a  keen  edge  of  operational  readiness.  In 
the  more  traditional  educational  setting,  DoD  provides  education 
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1990  and  have  a  total  ^oil»ii  ^'^0°  officers  in 

have  an  enrollment  of  about  87  OOO  wi-^  21^7^0°*  progreuns 

oyer  750,000  enlistees  are  paiii^Tpatiifif^  scholarships, 

plan  which  provides  subsidies  to  asJt*?  ■  **°"^go“ery  gi  Bill 

college  educations,  mile  completing  their 

DoD  education  and  training  activities  ftr 
pro^^  Which  .c  have 

priaaSirilnt"t<J^i^SI  fSot?!  '"f  °°° 

support  of  national  defense  and  ®°”‘^“cting  research  in 

sources  including:  ^«se  activities  comes  from  several 

the  Secretll^'ifD^I^  °i  ““I  “  !**tes  Code  authorizes 

*‘®^s'^®s  to  weapons  systems  and  other  applied  research  that 

grant  to  educational  insS:i5tion^^%^^  contract  or 

provide  the  f^ds  f or  rese^^^^^  ^IT,  grants  also 
students.  research  assxstantships  for  graduate 

yainiig  fS?*"  g“veJii»Mt  *i^loyte?’^i^  ''S*  authorizes 

Personnel  Management  the  rMooncthn^b?.  assigns  the  Office  of 
regulations  fol  all  ^erSl  ^  “““  necessary 

education  and  training  to  maintain  **’*  5?9“lations  permit 

e-ployees  but  do  not%Si“S?‘ilSf  iSl”?  government 

objective.  acquisition  of  a  degree  as  the  sole 

Depa^ents ^<rAgOTcie?*S^*8UDDort^  ItH^I  dirert  Federal 

quality  education  at  and  increase  the  provide 

Milages  and  Universities  and  Historically 

in  Federal  program^  ""  Minority  Institutions  (HBCO/Mi) 

research  SSratoriM  to  (S^rtwito^rtud^t*®  “'***  “oP 

organizations  for  resealS  sSvicS  ^  or  not-for-profit 
intermittent  basis.  services  of  the  students  on  an 

the  Nati0M?^D2f^e  toitoS*  ‘^a  establishes 

Fellowship  program.  ®®‘ance  and  Engineering  Graduate  (MDSEG) 
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6.  Section  9111  of  Piiblic  Law  101-165,  Departmen't  of  Defense 
Appropriations  Act,  1990  directs  the  Secretary  of  Defense  to 
"design  a  comprehensive  strategy  to  involve  civilian  and  military 
employees  of  the  Department  of  Defense  in  Partnerships  with 

elementary  and  secondeury  schools - "  Such  partnership  programs 

enable  DoD  employees  to  serve  as  unpaid  volunteers  under  the 
supervision  of  education  professionals.  This  provides  statutory 
authority  for  pre-college  prograuns  previously  conducted  under 
executive  orders. 

7.  A  few  other  specific  programs  have  been  authorized  to 
adless  shortages  in  critical  skill  fields  such  as  the  Health 
Sciences  University  (100  medical  students  per  year) ,  the  Defense 
Intelligence  School  (advanced  training  in  fields  related  to 
intelligence),  and  the  National  Cryptologic  -  School  (for  advanced 
training  in  cryptology  and  related  fields) . 

8.  DoD  regulations  also  permit  facilities  and  personnel  to 
be  used  for  community  relations  programs  if  the  effort  does  not 
adversely  impact  the  primary  mission  of  the  facility,  thus 
permitting  toiirs  euid  mentor  and  tutoring  programs.  1 

I 

Science  and  engineering  education  programs  in  the  Department 
of  Defense  are  thus  conducted  in  support  of  the  primary  mission, 
providing  for  national  defense.  The  fact  that  these  programs  are 
o^rated  luider  diverse  authorities  and  are  intended  to  support 
diverse  objectives  of  the  Department  (i.e.  research,  training, 
recruitment,  etc.)  meeuis  there  is  no  centrally  managed  science  and 
engineering  education  office,  nor  a  centralized  data  base.  Such 
segmentation  Md  dispersal  of  management  function  serves  the 
various  communities  well,  and  there  is,  nonetheless,  good  overall 
coordination.  The  Research  program  offices  of  the  Services,  Army 
Research  Office  (ARO) ;  Office  of  Naval  Research  (ONR) ;  and  Air 
Force  Office  of  Scientific  Research  (AFOSR) ,  all  administer  similar 
research  programs  with  the  academic  commtuity  but  differ  in  the  mix 
of  science  and  engineering  disciplines  funded.  The  Service 
research  programs  are  coordinated  for  the  Secretary  of  Defense  by 
the  Office  of  Research  and  Laboratory  Management.  The  DoD  programs 
are  also  coordinated  with  other  agencies  such  as  National  Science 
Foundation,  Department  of  Energy,  National  Aeronautics  and  Space 
Administration,  and  National  Institutes  of  Health  to  assure  that 
stipends  are  comparable,  policies  are  uniform,  and  common  problems 
are  recognized.  The  Personnel  progreuns  are  coordinated  by  Office 
of  Personnel  Memagement  for  all  Federal  agencies  in  terms  of  the 
generic  programs  available,  but  each  organization  may  emphasize 
different  programs  to  fit  ite  needs.  Egual  Employment  Opportunity 
(EEO)  guidelines  are  likewise  established  government-wide  but  the 
design  of  intervention  prpgrsuBS  to  fit  a  local  situation  is  left 
to  the  individual  base  or  laboratory. 

The  tasking  to  survey  program  for  the  purposes  of  this  report 
was  issued  concurrently  with  the  reguest  to  evaluate  existing 
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programs  and  develop  a  plan  for  future  expansion.  The  tasking 
letter  was  jointly  signed  by  the  Director  of  Defense  Research  and 
Engineering  and  the  Assistant  Secretary  of  Defense  for  Force 
Management  and  Personnel  and  was  sent  to  the  Military  Departments 
and  Defense  Agencies.  The  information  requested  included  a 
description  of  the  program,  pro^am  objectives,  progrzun  history, 
performing  organization,  coordination,  progreun  evaluation  and 
projection  of  future  plans. 

Responses  to  the  tasking  letter  were  received  from  the  Defense 
agencies  and  the  Departments  listed  in  Table  I.  The  responses  were 
submitted  in  vaurious  levels  of  detail  and  compliance  with  the 
format  requested.  Information  on  programs  administered  by  a 
central  office  tended  to  be  fairly  complete  while  information  on 
programs  operated  at  the  local  level"  were  ■  considerably  less 
complete.  Part  of  the  difficulty  lies  in  the  fact  that  training 
programs  that  emphasize  science  and  engineering  aure  not  normally 
distinguished  from  other  training  for  management,  finance,  etc. 
Nonetheless,  the  information  made  availadsle  by  the  sui^ey  provides 
a  fairly  complete  picture  of  the  type  of  programs  conducted  and/or 
supported  by  the  DoD  and  permits  a  reasonable  assessment  of  the 
types  of  programs  which  aure  successful  and  merit  continued  support 
or  e^ansion.  However,  the  survey  does  not  provide  comprehensive 
details  of  the  number  of  participants  and  the  amount  of  fundina 
across  DoD  for  all  of  the  programs. 
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table  t 

gPUPONENTS  RESPQWnTNG  TO  STTPVFV 


DEPARTMENT  OF  THE  ARMY 

Assistant  Secretary  (Personnel) 
Amy  Materiel  Command 
Amy  Corps  of  Engineers 
Amy  Research  Office 


DEPARTMENT  OF  THE  NAVY 

Assistant  Secretary  (Civilian  Personnel) 
NAVAIR  ' 

NAVSEA 
NAVFAC 
NAVSPAWAR 

Office  of  Chief  of  Naval  Research 


DEPARTMENT  OF  THE  AIR  FORCE 

^4^  Personnel  Management  Center 

Air  Force  Office  of  Scientific  Research 


DEFENSE  AGENCIES 

Defense  Mapping  Agency 
Defense  Intelligence  Agency 
Defense  Nucleeu:  Agency 
National  Security  Agency 

Initiative  Organization  -  No  program 
Defense  Logistics  Agency  -  No  programs 
Defense  Investigative  Service  -  No  programs 
®®Tense  Contract  Audit  Agency  —  No  programs 
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SECTION  II:  fifiSCRIPTION  OF  EXTSTTVr. 

.  •  .  Department  of  Defense  supports  a  wide  varietv  _ 

luch  direct??? 

universities.  The  programs  include  fll^ltveir 

sc?i\TstT’tSri„^^eerr“  scUncV  a°nd"T"S"l^* 

education  activities  in  the  i  whiS 

ET.n-Sr^Ss'-Sr^"  “  “ 

sss&.'.a’irs  ~™«sk; 

stimulation  of  career  Ste^t 

xinprovement  of  the  miaii-hv  science  and  technology; 

oT^S^^ent““^ari^ir2 

^^de-s"  ^-inf^ 

«;^?tiTl?e^n^t‘*SSira\Vilh'’'^^  with  “nVortSiSS  ln“IS 

provid^  in  the 
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PRE-COLLEGE  LEVEL  EDUCATION  PROGRAMS 

A.  IMPROVE  QUALITY  OF  SCIENCE  EDUCATION 

B.  STIMULATE  CAREER  INTEREST 

C.  TARGETED  PROGRAMS  FOR  WOMEN  AND  MINORITIES 

D.  EXPERIENCE  PROGRAMS 


UNDERGRADUATE  LEVEL  EDUCATION  PROGRAMS 

A.  ROTC 

B.  EXPERIENCE  PROGRAMS 

C.  TARGETED  PROGRAMS 

D.  EMPLOYEE  TRAINING 


GRADUATE  LEVEL  EDUCATION  PROGRAMS 

A.  FELLOWSHIPS 

B.  EXPERIENCE  PROGRAMS 

C.  CONDUCT  RESEARCH 

D.  EMPLOYEE  TRAINING 


POST-DOCTORAL  AND  FACULTY  LEVEL  EDUCATION  PROGRAMS 

A.  CONDUCT  RESEARCH 

B.  TARGETED  PROGRAMS 
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gRE^OLLEGE  LEVEL  EDUCATION  PROGRAMS 


A.  gRO_GRAMS___TO  IMPROVE  QUALITY  OF  SCIENCE  EDUCATION: 

The  National  Science  Resources  Center  (NSRC)  is  a  project 
jointly  sponsored  by  the  National  Academy  of  Sciences  and  the 
Smithsonian  Institution.  The  DoD  has  provided  approximately  one- 
ttird  of  the  funding  for  a  study  to  examine  factors  which  could 
improve  the  quality  of  science  teaching  at  the  elementary  school 
level.  Activities  of  the  NSRC  during  the  first  three  yeeurs  of  a 
five-year  program  have  been  to  identify  school  systems  which 
provide  exempl2ury  science  pro^ams;  collect  science  resource 
materials;  disseminate  information  on  science  resource  materials 
through  a  network  established -  by -  NSRC; -develop  instructional 
materials  for  three  critical  science  concepts;  field  test  these 
materials;  and  conduct  training  workshops  for  elementary  science 
teachers.  The  field  testing  was  conducted  at  21  elementary  schools 
in  13  school  systems  including  DoD  Dependents  Schools  in  the 
Philippines  and  several  schools  with  large  black  or  hispanic 
student  populations.  A  workshop  conducted  in  1987  involved 
participants  representing  13  school  systems  with  a  combined 
enrollment  of  over  500,000  students.  Negotiations  are  currently 
in  progress  to  make  the  materials  available  through  a  commercial 
vendor.  The  results  of  the  study  will  be  widely  disseminated  to 
the  DODDS  system.  The  major  thrust  of  the  program  is  to  improve 
•toe  quality  of  science  teaching  methods  and  to  stimulate  an 
interest  in  science  at  an  ezurlier.  age.  The  DoD  portion  of  the 
program  was  conducted  under  the  authority  of  the  Secretary  of 
Defense  to  undertedce  studies  on  subjects  of  interest  to  the 
Department. 

Another  program  idiich  addresses  quality  of  StT  education  is 

ABMY  HlgH  SCHOOL  SCIENCE  AND  MATHEMATICS  FACULTY  program, 
administered  by  the  Army  Research  Office,  which  provides  six  to 
ten  weeks  of  experience  in  an  Army  laboratory  for  high  school 
faculty  members.  The  e3q>erience  is  intended  to  provide  an 
appreciation  for  the  professional  challenges  undertaken  by 
scientists  and  engineers;  an  es^osure  to  current  state-of-the-eurt 
research  topics;  and  hands-on  experience  with  modern  research 
instruments.  The  program  is  conducted  at  30  Army  laboratories  at 
various  locations  around  the  country  during  the  summer  months.  Pay 
of  $450  per  week  is  provided.  The  program  is  considered  to  be 
successful  and  (barring  major  Army  budget  cuts)  will  continue  at 
the  ciirrent  level. 


B*  griMPLATE  INTEREST  IN  SCIENCE  AND  TECHNOLOGY 

CAREERS: 

Programs  in  this  category  are  intended  to  captxire  the  interest 
of  students  at  an  earlier  age  through  awzureness  of  science 
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activities  and  to  provide  students  with  information  on 
opportunities  in  science  and  technology  careers.  Many  programs 
involve  brief  exposure  of  students  to  science  activities  through 
tours  of  DoD  laboratories  and  centers,  lectures  by  DoD  scientists 
and  engineers  in  the  school,  or  use  of  DoD  scientists  as  judges  in 
science  fairsa,  etc.  Expenditures  of  fimds  for  these  activities 
are  small  and  mostly  consist  of  the  duty  hours  expended  bv 
individuial  employees  in  these  activities.  Because  of  the  diffuse 
natxire  of  these  activities,  data  are  generally  not  available  on  the 
numbers  of  participants  or  the  funds  expended  in  these  programs. 


The  Army  and  Navy,  through  the  Army  Research  Office  and  the 
Office  of  Naval  Research  respectively,  have  made  a  concerted  effort 
to  stimulate  and  encourage  the  future  technical  development  of  our 
nation's  youth  through  involvement  in' the  “national  science  fair 
program,  which  typically  attracts  about  100,000  students  annually. 
The  Army  contribution  to  the  program,  the  ARMY  science  pate 
program,  involves  the  award  of  1st  and  2nd  placepr  izer^t  each  of 
the  350  state  and  regional  science  fairs,  and  awards  in  each  of  13 
categories  at  the  national  fair.  Trips  to  international  fairs  in 
London  and  Japan  are  provided  to  winners  in  the  U.S.  national  fairT 
ptal  awards  piount  to  $50,000.  The  NAVY  SCIENCE  AWARDS  program 
follows  a  simileu:  format  with  awards  totalling  $200,000. 


An  example  of  a  more  structured  approach  to  these  activities 
js  the  ApgPT"A»gCH9<?L  program  carried  out  by  many  DoD  facilities. 

program  is  one  initiated  in  school  year 
1989-90  by  the  Defense  Nuclear-  Agency,  in  which  the  George 
Washington  Junior  High  School  %ras  ^'adopted*'  by  agreement  with  the 
Alexandria,  VA  public  school  system.  Thirty-six  DNA  employees  have 
volimteered  to  support  the  school  by  tutoring  students;  providing 
assistance  on  mato/science  research  projects;  judging  science 
fa^s;  participating  in  career  day  presentations;  lecturing  on 
mau/science/technology  subjects;  hosting  Honors  Teas  for  students 
and  parents;  providing  instruction  to  students  and  staff  on  the  use 
of  computers  in  science  and  math;  and  serving  as  mentors  for  the 
students.  Adopt-A-School  programs  were  established  in  1983-84  in 
many  locations  following  a  moaorandum  from  President  Reagan  to  the 
Federal  depar^enhe  and  agencies.  Vigorous  Navy  progreuns  were 
established  in  the  San  Diego  and  Great  Lakes  areas  in  1984. 
Statutory  authority  for  the  program  aras  provided  by  Section  9lll 
of  Public  Law  101-165,  the  Department  of  Defense  Appropriations  Act 
fiscal  Year  1990,  %fhich  directed  the  Secretary  of  Defense  to 
Partnerships  with  schools  programs;  designate  a  senior 
1**  each  of  the  Services  to  be  responsible  for  developing 
these  pro^ams;  and  encourage  the  participation  of  all  DoD 
personnel  in  such  programs  where  they  serve  as  unpaid  volunteers 
under  the  direction  of  professional  staff  in  the  schools. 
Supporting  testimony  for  the  Bill,  published  in  the  Record 
accompanying  the  Appropriations  Act,  noted  that  there  were  275 
Partnerships-with-Schools  programs  nation-wide,  with  75  in  the 
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Florida  area  as  a  result  of  Navy  initiatives  there.  However,  none 
of  these  programs  was  reported  in  the  survey. 


A  more  comprehensive  stimulation  program  is  the  JUNIOR  scTRNrv 
MD  Hy?lAyiTIES  SYMPOSIUM,  the  first  and  Ingest  pre-cSllege  pr^^ 
sponsored  by  DoD.  The  program,  initiated  in  1957  and  administered 
by  the  Army  Research  Office,  consists  of  two  to  three-day  regional 
meetings,  which  include  presentations  of  papers  on  research 
perforaed  by  the  students;  tours  of  research  facilities;  a  keynote 
talk  by  a  prominent  scientist;  discussions  on  current  issues  in 
science;  career  guidance;  and  discussions  on  the  relationship  of 

humanities.  The  program  reaches  approximately 
10,000  students  and  250  teachers  annually.  Ninety-eight  percent  of 
P^^icipants  go  on  to  attend  college  .but  no  data  are  available 
on  the  number  that  pursue  careers  in  science  or  technology. 

.  — £RE-FRESHMAN  ENGINEERING  program  (TEXPREP)  is 

similar  in  scope  but  was  established  by  a  consortiiim  of  state  and 
local  goT^mments,  colleges  and  universities,  federal  agencies, 
and  private  industry  in  the  state  of  Texas.  The  program  involved 
academic  instrurtxon  and  tours  and  presentations  on  science  and 
subjects  to  stud^ts  in  grades  6-11  who  have  high 
potential  for  science  or  engineering  careers.  Defense  Mapping 
Agency  supports  tee  program  by  providing  salary  support  for  12 
college  student  ^ds  to  tee  program  who  are  employed  at  DMA  under 
tee  Si^er  Aid  Program  (Federal  Personnel  Manual  (FPM)  Ch.  332 

facility!  tee  proS^ 
has  a  high  percentage  of  women  and  minority  participants  (9i 
percent  in  1989)  and  has  had  an  outstanding  success  rate  in 
Students  to  attend  college  (90  percent),  and  of  those 
pScent”^  college  to  pursue  careers  in  science  and  engineering  (60 


C-  ffiPgRfllig  TARGETED  TO  STIMOIATE  INTEREST  IN  scTigMrff 

CftRSER$  AMPyg  WINPRITIE?.  wqmEM  AND  HANDigAPPRn 

^  category  are  very  similar  to  those 

targeted  for  women,  minorities,  and 
handicapped  persons,  groups  teich  are  traditionally  less  likelv  to 

engineering,  tee  SSd  Lio“as^?oLe? 
Mteority  te  conduct  programs  in  this  area  iinder  tee  direction  of 

programs  implemented  to  c^  oSj 

lyTRQPVCTlON  TO  ENGINEERING  rnwTTTgi  program, 
a^inistered  by  tee  Army  Research  Office,  provides  a  four-week 
intensive  experience,  primarily  for  minorities  (98  percent),  but 

disadvantaged  youths.  tee  programs  are 
conducted  at  eight  universities  distributed  across  tee  D.S.  and 
nsist  of  academic  instruction  on  trigonometry,  pre-calculus. 
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computer  science,  physics,  chemistry,  and  communication  skills. 
Tracking  from  this  and  similar  programs  indicates  that 
approximately  80  percent  of  minority  students  who  enter  engineering 
participated  in  some  type  of  siimmer  enrichment  program. 

Other  examples  of  successful  pre-college  programs  conducted 
at  the  local  level  include  the  MINORITIES  IN  ENGINEERING  and 
HANDICAP  OUTREACH  programs  conducted  by  the  Naval  Air  Development 
Center  in  Warminster,  PA.  The  MINORITIES  IN  ENGINEERING  program 
consists  of  two-hour  sessions  held  every  two  to  three  weeks  during 
the  school  year  at  NADC.  The  sessions  include,  introduction  to 
digital  electronics;  computer  programming;  career  workshops  college 
information;  a  toxir  of  the  center;  and  a  student  project.  Evening 
introduction  and  graduation  sessions  are  held  with  the  parents. 
Students  are  drawn  from  four  local  high  schools  upon  recommendation 
of  science  teachers  emd  interviews.  The  progrem  is  targeted  for 
minorities  2md  conducted  by  the  EEO  office  but  others  are  not 
excluded.  A  tracking  program  has  been  initiated  but  the  results 
are  not  yet  available.  The  handicap  ouTREAqi  program  targets  junior 
and  senior  high  students  with  a  disability  and  involves  tours  of 
NADC  and  establishment  of  a  mentor  relationship  with  NADC  employee]  s 
with  a  similar  handicap.  The  TECHNICAL  MENTOR  program  at  Nava;. 
Weapons  Center  is  intended  to  provide  support  to  women,  minorities, 
and  economically  disadvantaged  youths  who  are  under-represented  in 
scxence  zmd  engineering.  The  program  starts  with  high  school 
juniors  who  perform  educationally  related  tasks  in  an  unpaid  status 
xmder  the  student  volunteer  program.  During  their  senior  year 
these  students  are  hired  as  student  aides,  under  the  Stay-in-School 
program  (Sciiedule  A  213. 3 102 (w))  for  a  period  of  one  year.  The 
appointments  may  be  renewed  if  eligibility  requirements  are  still 
met. 


D. 


ERggRAMS  TO  STIMPLATE INTEREST  IN  SCIENCE  AND  TECHNOLOGY 
CAREERS  BIL .PROVIDING  A  WORK  EXPERIENCE  IN  POD  LABORATORIES: 


The  thrust  of  these  programs  is  to  stimulate  interest  in 
science  and  engineering  careers  through  a  hands-on  work  experience 
in  a  DoD  laboratory  and  a  mentor  relationship  with  an  active 
scientist.  A  DoD  Instruction  was  issued  in  1981  to  establish  the 
DSP  SCIENCE  ENGINEERING  APPRENTICESHIP  PROGRAM  FOR  HIGH  SCHOOL 
STHPtyrS*  Students  work  on  research  projects  in  DoD  Laboratories 
or  with  principal  investigators  at  universities  %dio  have  DoD 
research  contracts  or  grants.  Since  1981,  %fhen  the  program  was 
concentrated  primarily  in  the  Army  and  Navy  laboratories  in  the 
Washin^on,  D.C.  area,  this  initiative  has  gro%m  to  include 
Participation  by  all  three  Services.  A  variety  of  authorities  may 
be  used  to  inclement  the  program  with  the  most  flexible  being 
Schedule  A,  213.3102(g).  The  Office  of  Naval  Research  administers 
the  local  program  for  ^e  Washington,  D.C.  area  on  behalf  of  the 
Army  and  Navy  laboratories  in  the  area,  via  a  contract  with  George 
Washington  University.  The  contractor  provides  for  recruiting. 
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screening  end  Batching  studen^epp«^ces^wi^^ 

The  program  placed  667  in  1989  for  a  period 

organieetions  in.th*  "ashJ^n-Amapolrs  ^a  in  participate  and 
of  ten  we^s  ^nfang  the  s^«^^aacher^=a  P^ 

earn  credit  with  __j  teachers  work  on  real  research 

the  student  program.  Students  Md  t|ach«s  worK  civilian 

projects  in  DoD  labs  under  tte  tutelage 

Lientist.  The  students  “d  teachers  Teachers 

projects  and  Ptesent  to  activities  of  toe  students.  The  Air 
monitor  and  for  students  in  the  Dayton,  OH  area 

S  fnto?ve%“^rei^?"«“eK*%erience„^^^^^^^ 

Sr^^™^ra*S\n*Se“AL“S^“W  There 

were  103  participants  in  1989. 

ipppenticeSHI£  (REAP)  ®P°Researcroffi  also  derive 

Office  of  Naval  Research  and  toe  Aray  Researcn  placing 

their  authority  from  the  DoD  ®]^iativls  provide  research 

students  in  WD  SgrsS^l  studento  in  an  academic 

ss'srvsi  “..-ns 

ssauS  »»-«•  ““““  " 

of  the  REAP  students  attended  college. 

Systems  Center  gDVLP  ^  ^  time.  The  Gifted  and 

the  students  Public  Schools  allows  high 

Talented  program  of  toe  Fairfax  coi^y  ^  to  work  in 

achievement  students  xn  students  work  up  to 

local  industry  ajrt  govern.^  fac^tiM^to^to^^  ^ 

ir2??.3102Tq)  .and  toe 

ilcirJi^^  -SI"  to.““^^^"  Sl-cllered  a  summer 

appointment  following  their  senior  year. 

students  with  less  experience, 
students,  may  be  allow^  PMWtoel 

VQLWTEgR  SERVIC^  for  the  "student  volunteers  to  allow 

OPM  has  relaxed  “9*  „  loM  as  there  is  no  conflict 

14  and  15  year  olds  to  participate,  as  long  as 

with  state  and  local  child  labor  laws. 
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laffiERGRADUATE  T.ffVEL  PROCPAl^^g 


and  education  Pro^^%re  to°provide  7  suppl^of  science 

trained  in  science  and  engineerina%o,-  ^  college  graduates 

work  oxporienoes  tor  stSs  tea? 

to  provide  job  related  train recruiting;  and 
largest  -»aejgraduate  pro^“"S«  the 

years  has  selectively  s^ght  sSince  aifd  recent 

Several  of  the  olde-r  enmmA-..  end  engineering  manors. 

FEDERAL  .TmiTno  .  gl&Y-IP-gli^OOJ,, 

supplement  the  incomes  of  f«tf  ” 

would  otherwise  not  be  able  to  attend°^i«i?'^  income  families  who 

IPPCATIQW  ^cn-np^  pro^i  is  desirntd  fiSSEEBMIVE 

^SriSnce  and  a  supplSSit  to  in^  to  provide  on-the-job  work 
academic  periods.  Ihe^ewLt  full-time 

on  increasing  the  nSbe?  of  targeted 

science  and  teSno?^  minority  students  pursuing  careers  in 


A. 


£BPgRAMg  TO  PRPVIPF  SCHOLARSHTP  CTrppnpg.. 


authority  of  lo  U.S.C  2ioi-5ini'^®”ii^  ®  "etion-wide  under  the 
universities  with  an  ROTC  a/f^Vn.J^®^®  *f®  ®  850 

participating  in  ROT?  trainino  ^  87,000  students 

The  ROTC  program  %«s  initiitid^5«  ^  status, 

since  1964  Se Tr warn  haV A  2®^  Morrell  Act,  but 

support  and  activ?recruitment  ^phasize  scholarship 

The  Air  Force  engineering  majors! 

and  engineering  majors  while  the  70-^0  percent  science 

preference.  Sm^  DroSL^LP''??'^.**®®®  emphasize 

scholarship  in  1989,  the  Na^^hfd 

4,800  for  a  total  of  21T39  '  "2  ^®  ^  ^°^®® 

(60  percent)  of  this  total 

engineering  fields.  Scholarship  sudd^T^o^^ih!?^®”®®,!  ®®^ 
and  $100  per  month  ar^Da^  of  tuition,  books,  fees 

training  and  cruises  brino^the  the  s^ool  year  and  summer 

per  year.  Total  support  f<?the  S8E  $8000 

million  in  1989.  The^duates  Je  obMoa^^^^ 

duty  military  service  bu?  Mv^ 

depending  on  force  reouirenen-hc  »  oamis®  loned  in  the  reserves 
in  the  next  several  ye2irs  will  r®d«r^2?^2**2~?”^®^®®  ®”'ti®ipated 

s5a‘s“„a5sL^  ^Sr^SiP'^ssss 

gf5TOH."S"i^^~SS;1f 
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^  enrolled  at  one  of  145  participating  universities 
that  offer  a  science  and  engineering  curriculum,  an  Armv  ROTC 
pro^am,  and  have  a  cooperative  education  (Co-op)  program  The 
students  are  eligible  for  up  to  $5000  per  year  f^  tui^olT,*  feS 
and  room  and  board.  Participants  are  also  offered  co-oo  iobs  at 
Aray  labs  with  additional  pay  for  the  work  period.  Upon  gr^dJation 

commissioned  in  the  Army  Reserves  and  are 
obligated  to  work  at  an  Army  lab  until  a  service  commitment  is  met 
P^®9ram  was  conducted  on  an  experimental  basis  for  five  years 
recently  been  adopted  permanently  and  transferred  to  the 
Army  Personnel  Command  for  administration.  Initial  efforts  to 
recruit  for  active  duty  service  were  not  as  well  received  as  thi 
Reserve  status.  The  program  currently  has  216  peirticipamts. 


B. 


PRQgPAMS  TO  PROVIDE  RESEARCH  EyPTOTV^rp. 


^  ^Q-OPERATIVE  EDDCATTqw  programs,  to  provide  alternate 

experience  and  academic  education,  are  available 
at  .any  miiversitiM  and  colleges.  The  prograj.  is  usMlin^S^to 

sSndSS  students  Seeing  ce““n  aS?Lil 

standards.  The  program  allows  more  informed  choices  of  career 

students  as  well  as  providing  supplements  to  their 
income.  The  program  has  proven  to  be  an  eff^^ive  recruitment 
method  for  undergraduate  personnel  and  provides  an  opportunitv  to 
potential  employee's  abilities  before  hiring.  Chapter 
Manual,  "Youth  and  Student  ^EmpSySent 
describes  co-op  programs  for  the  undergraduate 
degree,  and  graduate  level.  Students  in  the 
undergraduate  program  are  appointed  under  Schedule  B  213  3202?*? 
Whi*  psTKita  up  to  1,040  hour,  of  work  per  at  a  GS-l  lr  I 

qualifications.  Students  ity  ii 
converted  to  career  conditional  appointments  upon  oradua^on 

reporting  ^dergraduate  co-op  programs  indued  Defense 
apping  Agency;  Naval  Sea  Systems  Command  HQ;  Naval  Pacilitieis 
Command;  and  Naval  Research  Laboratory.  Air  Force  i 

and^Navai^A^^  Agency,  Naval  Oceanographic  Research  Laboratory' 
and  Naval  Air  Development  Center  reported  the  statistics  ^or  rho 
graduate  and  undergraduate  co-op  prc^r^  t^ette? 

^ '  program  is  intended  to  provide  supplemental 
work  up  to  20  hours  per  week  during  tS  eS”l^^L,S  Su11-?1m 

&  ^TTee?^  P«iod,,“UTo  «cled“i?o“ 

per  year#  Appointments  are  under  Schedui«»  a 

‘'5'^  “  O'  one  ye^Xt  ^  «^'end^JS? 

^  exceed  one  year.  Organizations  reportLg 
program  included  Defense  Mapping  Agencv  and 
Naval  coastal  Systems  Center.  The  FEDERAL  junior  feltow 

program 
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similar  to  the  Stay-in-School  progreun  tout  also  has  a 
merit  requirement  for  students  to  toe  in  the  top  ten  percent  of 
their  classes  in  addition  to  having  financial  need.  Students  aire 

graduation  from  high  school  and  work  the  summer 
after  ^aduation  and  succeeding  summers  and  vacation  periods  while 
in  college.  Students  are  eligible  for  non-competitiv^ppointment 
to  career  conditional  positions  upon  receipt  of  their  degrees  The 

under  Chapter  308,  Federal  PersoiuSl  ManuS. 
Organizations  reporting  Federal  Junior  Fellow  programs  include 
Defense  Mapping  Agency;  Naval  Research  Laboratory;  Naval  Air 
Development  Center;  and  the  Naval  Coastal  Systems  Center. 

Naval  Research  Laboratory  makes  use  of  the  provisions  of 

A'  213. 3102 (q)  to  hire  app^oxiiaJeJy  to 
S  school  students  as  research  aids  during  summer  and 

holiday  breaks  or  intermittently  during  the  year.  The  total  hours 

per  ye«:,  hence  thl  neJ  of  the  pro|S,*‘!SE 

program  provides  for  summer  employment  of  needv 
job  experience  and  allows  reappl^inSe^t  of  ?Sos3 
wito  satisfactory  performance.  Applicants  must  be  referred  by  a 

program  is  described  under  Chapter  331  appendix  J-6  with  hirino 

213. 3102 (V).  Defense  Mapping  Agency  and  Naval 
Electronic  Systems  Engineering  Activity  use  the  program. 

program  of  Naval  Reseeurch  Laboratory  and  s&E 
BMPLQTOag*  program  of  Naval  Air  Development  Center  are  merit 

authority  of  OEM  Regulation  316.402(a). 
summer  work  experience  for  students  in 

ThJ  N^tioMl  agency  and  are  highly  competitive. 

Tne  National  Sec^ity  Agency  conducts  a  similar  sdmmer  program^  but 

IS  given  authority  for  excepted  service  under  ]Sb]Scl£w8S-36. 


^<i«r  12320  in  1980  and  Executive  Order  12677  of 
i?®  establishment  of  programs  to 

Historically  Black  Colleges  and  Universities  (HBCUs) 
by  providing  assistance  and  advice  to  faculty  and  tralnlnCT 

students.  This  has  resulted  in  the 

HBCU  initiative  and 
Executive  Order.  Most  use  the 
au^orities  for  student  eaqployment  and  0PM  excepted  service 
schedules  such  as  those  described  above,  but  are  specifically 

HBCUs.  The  Office  of  Naval  Research  has^developed 
a  compreheMave  program  to  address  both  the  availability  of 

cStS^  he^^^e/A^S^f ^  research.  The  Naval  Oceanographic  Research 
Center  has  established  an  Adopt-a-College  program  with  Jackson 
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state  University  and  provides  stumer  job  opportunities  for 
undergraduate  and  graduate  students  and  faculty  members  in  science 
and  engineering  disciplines.  The  Naval  Air  Development  Center  has 
targeted  about  a  dozen  schools  with  black  and  hispanic  populations 
which  conduct  engineering  programs  and  various  NAOC  departments 
have  adopted  each  of  the  schools  to  establish  communication  on  NADC 
career  opportunities.  Students  participate  in  two-day  visits  to 
NADC,  co-op  programs  and  faculty  work  in  siumer  research  programs. 
Defense  Mapping  Agency  is  just  developing  a  program  which  will 
include  the  usual  sxumer  progrsuns,  co-ops,  and  faculty  exchange, 
as  well  as  providing  excess  equipment  to  HBCUs  and  providinc 
opportunities  to  bid  on  research  contracts. 

The  ONR  HBCU  program  currently  funds  $3.9  million  per  year  in 
research  and  scholarship  support  to  HBCUs.  Six  additional  grants 
for  a  total  of  $14  million  over  a  five-year  period  were  recently 
announced.  The  gramts  to  the  schools  will  fund  a  spectrum  of 
progreuas  including  direct  scholarship/research  assistantship 
support  to  more  than  100  undergraduate  students;  faculty  research 
^ants;  student  summer  reseeurch  experiences;  visiting  scholars;  and 
improved  laboratory  training.  Each  of  the  schools  is  expected  to 
complement  the  ONR  support  with  existing  progreuns  to  stimulate 
interest  and  improve  teaching  of  science  and  engineering  in  grades 
K  through  12.  The  ONR  program  will  attempt  to  reduce  attrition  at 
the  undergraduate  and  graduate  levels. 

The  National  Security  Agency  conducts  a  unique  UNDERGRADUATE 
TRAINING  program  for  minority  students  to  provide  educational  and 
conditional  employment  opportunities.  The  program  requires  an  SAT 
score  of  1100,  a  GPA  of  3.0  and  an  interest  in  science  emd  math 
fields  of  interest  to  NSA.  The  program  pays  tuition  and  incurs  an 
obligation  of  one  and  one-half  years  of  service  for  each  year  in 
the  program.  The  program  currently  has  37  participamts  and  an 
expansion  to  50  is  planned  for  1990.  The  program  authority  is  the 
National  Security  Act  of  1959  as  amended  by  Section  505  of  Public 
Law  99-569. 


D.  PROGRAMS  TO  PROVIDE  JOB  RELATED  TRAINING  FOR  EMPLOYEES; 

The  OoD  makes  a  significant  contribution  to  education  in 
science  and  technology  fields  through  the  training  and  education 
programs  provided  for  its  o%m  eoqployees  fdio  comprise  3  percent  of 
the  national  pool  of  scientists  and  engineers.  The  basic  authority 
for  training  programs  is  contained  in  5  USC,  Ch.  41  and  E.O.  11348 
of  ^ril  20,  1967.  The  provisions  of  these  authorities  are 
described  in  Chapter  410,  Federal  Personnel  Manual.  Training  may 
be  full-time,  part-time,  on  or  off-duty,  day  or  evening.  It  may 
be  given  by  the  agency  itself;  an  educational  institution;  amother 
Federal  agency;  a  professional  association;  or  by  a  memuf acturer . 
Agencies  xaay  pay  for  all  or  part  of  the  expenses  of  authorized 
training.  The  purpose  of  training  is  to  provide  laproved  ptiblic 
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service,  cost  savings,  and  the  development  and  retention  of  a  cadre 
of  skilled  and  efficient  government  employees  who  are  abreast  of 
current  scientific,  technical,  professional  and  managerial 
developments.  The  training  must  be  in  fields  which  are  or  will  be 
directly  related  to  the  performance  of  official  duties  for  the 
government.  Training  covers  many  activities  such  as  attendance  at 
conferences,  short  courses,  etc.  For  the  p;arposes  of  this  report 
only  training  activities  which  provide  formal  educational  course 
work  in  science,  math,  or  engineering  disciplines  at  an  accredited 
acadei^c  institution  (or  Agency  programs  of  equivalent  stature) 
will  be  considered  as  S&T  education  programs.  Most  training 
programs  apply  equally  to  undergraduate  and  graduate  course  work 
and  many  organizations  do  not  differentiate  between  them.  As  a 
result,  it  is  difficult  to  separate  the  participation  and 
expenditure  levels  between  undergraduate  and  graduate  programs. 

The  Naval  Air  Development  Center  offers  a  PART-TIME 
?TPPY  program  for  non— science  and  engineering 

employees  who  wish  to  pursue  a  scientific  or  technical  degree.  The 
employe  must  have  already  completed  one  full  academic  year  in  the 

career  status  (three  years  government 
service)  with  one  year  employment  at  NADC.  Participants  may  receive 
hours  education  per  week  at  a  local  college  or  university 
full  pay,  tuition  and  academic  fees.  Appointment  to  the 

renewable  until  the  B.Sc.  degree  is 
granted.  If  progress  is  satisfactory.  An  obligation  of  three  years 
each  year  of  training  is  incurred.  The  UNDERGRADOATE 
AffAPBtIC  program  of  the  Naval  Ocean  Systems  Center  offers  a  very 
similar  pr<^am  except  it  is  limited  to  nine  credit  hours  per 
semester  Md  applies  only  to  upper  division  courses.  The  National 

oollege  in  job  related  courses  for  both  undergraduate  and  graduate 
level  copses.  The  Defense  Nuclear  Agency  also  reports  a  similar 
program  for  off-site  educational  opportunities  for  employees. 

The  National  Security  Agency  is  also  authorized  by  DoD 

V"  envpTOIflCTg  scwnni.  to 

provide  specialized  education  and  training  for  employees  in 
con^uter  lienee,  electronic  engineering,  cryptology  and  related 
fields.  The  cotirses  are  both  undergraduate  and  graduate  level, 
and  are  taught  during  duty  hours. 

Long-term/ full-time  training  programs  which  permit  residence 
college  or  university  campus  are  offered  by  most  components 
although  primarily  at  the  graduate  level.  The  Defense  Mapping 

-  FULL-TIME  TRATWTWG  program  to  full- 
employees  with  two  years  continuous  service,  a  TOP 
SECRET  clearance,  high  potential,  and  relevant  academic  background. 
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employees  must  pursue  training  in  cartography  or  related 
'billing  to  relocate;  and  incur  a^ee-year  slr^ice 
obUgation  for  each  year  of  training.  m  1989,  4 
participants  were  enrolled  in  undergraduate  education  programs 

similar  to  toe  one  above  but  concentrated  in  science  and 

interest  to  NWC,  without  toe  requirement  fo? 
toe  TOP  SECRET  clearance  and  willingness  to  move.  The  National 
^^^^^ty  Agency  offers  an  es^emal  training  program  called  toe 
gIM:«?TgP  FEMPWSHiP/scHOtJtf^STTTP  program  whi?h  is^imillr  to  toe 

personnel^  intended  for  administrative,  orofessionaT  ann 

particularly  for  positions  with  management  Lid 

SsiJtiSfi  a.  ^  ^  program.  Career  Intern  programs  are 

fntw  K  Federal  Personnel  Manual  and  include 

SSS^nSaSIs  S?f  in  some  cases  9  level  and  are  intended  to  bring 

performance  level  over  a  period  of  several 
direct  iv  positions  in  toe  Intern  progr2un  may  be  done 

tof  N^iii  of  college.  Examples  of  this  type  of ^ogram  include? 
toe  Naval  Air  Systems  Command  ENGINEER  and  scientist  DEVPTr»p«n?»pp 

Facilities  togin^^  Cci^nd^^pgg^??^ 
development  centep  program;  the  ^ace  and  Naval  Marine 

»S^i“ei^^o  .“"I"  H^-raOFBSSIONM,  DggFT/iPiSr  pro^am;  the 

msimRs  pr‘^ir°"4«^^ 

care«  intern  programs  identified  above  refl^  STc^Llfc^ 
2u«tio??:“^"“  th«.  that  part  a.sociat«>  S?S 

•  *.  I  “tbe  National  Security  Agency  offers  two  woerr-minc 

vnere  personnel  are  in  shoirt  supply.  The  grow  Yotre  nww 

techniSw  le“!  ggg 

traffS'2Sal^“LS^i.pStS“iL»S^H:ShniVi"^^ 

r«i,nn"?n2Sd 

toa^ed  for  two  years.  The  COMPUTER  operations  assoctatvc 

community  ^itge  stSs  in  ccfff sgi^^ 

MrtiSll?  orations  programs.  The  students  ar4 

partially  supported  for  a  continued  educational  and  on-the-job 
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training  program  that  leads  to  an  Associate  degree 
qualification  for  a  GS-5  or  7  position. 


and 


GRADUATE  LEVEL  PROGRAMS 


Graduate  level  education  is  the  largest  area  of  support  by 
the  DoD  and  is  focused  on  the  physical  sciences,  engineering,  and 
mathematics.  These  skills  are  crucial  to  the  accomplishment  of 
the  Depeurtment's  mission,  however,  there  is  a  shortage  of  these 
skills,  particularly  among  U.S.  citizens.  The  graduate  level 
programs  include  direct  support  of  educational  training  through 
fellowships;  indirect  support  through  research  grants  to 
universities  which  provide  for  research  assistantships  for  graduate 
students;  and  training  progreuas  for  DoD  employees. 


A.  TO  PROVIDE  EDUCATIONAL  SUPPORT  THROUGH  FELLOWSHIPS: 

The  DoD  provided  fellowship  support  to  approximately  540 
students  in  1989  through  programs  administered  by  the  Army  Research 
Office  (ARO) ,  the  Office  of  Naval  Reseeurch  (ONR) ,  the  Air  Force 
Office  of  Scientific  Research  (AFOSR) ,  and  Defense  Advanced 
Research  Projects  Agency  (DARPA) .  These  programs  eure  all 
advertised  nationally  through  the  distribution  of  brochures  to 
schools  and  principal  investigators  on  OoD  contracts  and  grants, 
through  advertising  in  professional  society  journals  and 
announcements  at  professional  society  meetings.  The  fellowship 
programs  are  authorized  as  peurt  of  the  annual  appropriation  for 
DoD  research  programs  or,  in  the  case  of  the  National  Defense 
Science  and  Engineering  Graduate  Fellowship  progreun,  directly  in 
10  use  2191. 

The  AFOSR  supports  two  of  the  oldest  fellowship  programs, 
ADV&HCED  thermionic  research  initiative  (ATRI)  and  AIR  FORCE 
RESEARCH  IN  AERO  PROPULSION  TECHNOLOGY  (AFRAPT)  ,  both  Of  which  are 
targeted  on  critical  Air  Force  needs  and  are  concentrated  at  a  few 
cooperating  schools.  The  ATRI  Fellowship  program  was  initiated  in 
1977  at  Stanford,  transferred  to  University  of  Utah  in  1981,  zmd 
to  UCLA  in  1987.  It  is  focused  on  micro%rave  and  millimeter  wave 
thermionic  an^^fiers  and  components  and  requires  a  B.Sc.  in 
Electoical^  Engineering  and  U.S.  citizenship  as  prerequisites. 
Thesis  topics  are  cleared  by  an  advisory  board  from  UCLA,  industry 
and  the  Air  Force.  A  stipend  of  $14,000  per  year  plus  tuition  and 
fees  is  paid.  To  date,  of  the  69  graduates  of  the  program,  56  are 
working  in  thermionics  related  fields.  There  are  20  students  in  the 
current  class  and  graduates  are  in  high  demand.  The  AFRAPT  program 
is  a  fellowship  co-op  program  involving  AFOSR,  industry  and 
university  cooperation  to  provide  a  supply  of  critically  needed 
engineers  in  the  aeronautical  propulsion  field.  Participants  must 
be  employed  by  Allison,  Textron,  Garrett,  General  Electric  or  Pratt 
and  Nhitney,  and  attend  one  of  the  cooperating  universities  %rtiich 
include  MIT,  Purdue,  Texas  A&M,  Princeton,  and  Penn  State.  The 
students  are  typically  selected  for  the  program  in  June,  work  at 
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companies  over  the  summer  and  begin  graduate  study 
^5®  Pall.  Kiesis  work  may  be  done  either  at  the  xiniversity  or 
at  the  supporting  company.  A  monthly  stipend  of  $1400  per  mrath 

during^  academic  per^s  a^ 
during  periods  of  work  at  the  comply 
program  has  had  60  trainees  since  its  inception  in 
although  there  is  no  obligation  to  continue  employment 
following  graduation,  approximately  half  of  the  graduates^are 

9as  turbine  industry,  of  the  current  35 

L*e  in^^*s^'  are  pursuing  Ph.D.  degrees  and  the  balance 

xn  A»sc«  pirocpfsuxis •  The  piroGprdifi  xs - *  —  *  * 


sorted  in  1989  at  a  level  of  $90,000  arS  S 
intended  to  increaee  to  $300,000  in  1991. 

(LGFP)  is  another 

^  designed  around  the  fellowship  co-op  concept.  The 
pro^am  is  primarily  focused  on  the  physical  sciences  and 
engineering,  but  does  include  life  sciences  and  behavioral  sciences 

assigned  to  an  A^T^oe  laSS"S?3 
researcher,  working  in  the  same  area  of  interest  as  the  follow  wS 

to  s^nd  the  summer  period  at  their  sponsoring  laboratory.  Fellows 
onn*TS‘*‘.K*-  first  year,  $16,0?S  Sl^oS 

dSLrtllSJ®  tuition  and  fees.  The  university 

partment  attended  by  the  fellow  receives  $2,000  per  year 

Energy  Systems  has  operated  the  program  under^ontract 

Md^t  if  fSi®*  contract  expires  August  31,  1990? 

®*iticipated  that  Southeastern  Center  for  Electrical 
Engin®^ing  Mucation  will  continue  the  program  Snder  a  Sf 
contract.  Fellowships  are  awarded  on  the  basis  of  merit  and  are 

TS*wffri2f^  committee  and  the  contractor, 

^e  program  curr^tly  has  75  students,  and  although  the  proqrM  ii 

^®®  ®»«>loynent  hilto“  , 

°”®  f*’o»  the  program  to  date.  It  is  considered 

to,  ^  ^®^  successful  in  attracting  high-potential  students  to 
^gineering  disciplines  of  interest  to  the  Air  Force 

S  sifilS  if  sponsored  QNR  graduate  m.Tna  prograi 

.pf  ^  scope  to  the  Air  Force  program.  T2irgeted 

fields  include  the  physical  sciences;  engineering;  bioloaical 

cognitive  and  nei^al  Ifwe.  sfSeSSf 
Jf®  ^®  ^^^®t  ysar,  $16,000  the  second  year  and  $17,000  the 

work  fees.  The  students  are  encouraged  to 

laboratories  during  summer  and  vacation  periods 

dStfraiffS^h?  ®  ^®“  ®^®  ^®  ^®i®  as 

ioo*pf^n®f  ?  ®”  ^visory  panel  of  technical  experts.  Approximately 

fttri?iS«%^^®  ^®?  ®™t?  ^  participants  in  the  pr^am  and  an 

^*®®  ^  percent  has  been  obsSved.  The 

Am^ican  Society  for  Engineering  Education  is  the  contractor  for 
the  pro^am.  Program  history,  exit  surveys  from  fellows  and 
evaluations  from  the  selection  panels  indicate  the  program  is  very 
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successful  in  attracting  high  guality  students,  in  retaining  then, 
and  in  integrating  them  into  the  research  infrastructure.  The  Navy 
plans  to  continue  the  program  at  approximately  the  present  level 
The  Army  SCIENCE  AND  TECHNOLOGY  FELLOWSHIP  program,  administered 
by  the  Army  Research  Office,  was  similar  to  the  above  Air  Force  and 
Navy  programs  and  had  53  and  57  participants  respectively,  in  1987 
and  1988.  The  program  is  being  phased  out  in  favor  of  two  new 
fellowship  programs  (im  and  NDSEG)  and  has  only  eight  fellows  left 
in  the  program.  it  will  be  terminated  when  they  complete  their 
degrees.  The  Army  BKIVERSITY  REStancH  iwtttattve  program  has  a 
large  fellowship  component  in  the  program  which  in  1989  had  a 
budget  of  $3  million  and  supported  149  fellows.  The  program, 
administered  by  the  Army  Research  Office,  is  targeted  on  the 
physical  sciences  and  engineering  and. is  intended  to  increase  the 
number  of  students  pursuing  careers- in  science  and  engineering. 
The  program  is  planned  for  a  future  level  of  about  130  fellows  and 
funding  of  $2.5  million  per  year. 


PPT PgFENSg  SCIENCE  ANP  ENGINEERING  CRAPnATP 
(NDSEG)  program  is  the  most  recent  fellowship  wogram 
and  has  specific  authorization  in  10  U.S.C  2191  as  amended  in  1989. 
Fellowships  are  awarded  for  study  and  research  leading  to  doctoral 
de^ees  in  the  fields  of  mathematics,  physical  science,  biological 
science,  oceanography,  and  engineering.  The  program  is  sponsored 
by  toe  three  Services  and  DARPA  and  operated  by  Battelle  under 
contract.  The  fellows  are  provided  with  stipends  of  $15,000  per 
year  toe  first  year,  $16,000  toe  second  year,  and  $17,000  toe  third 
year  as  well  as  full  tuition  and  fees  for  three  yeeurs.  DoD  also 
provides  $2,000  per  year  support  to  toe  fellow's  department  at  toe 
univers^y.  Fellows  are  selected  on  toe  basis  of  merit  by  pemels 

Battelle  in  each  discipline.  Approximately 
4,200  applicatioM  were  received  for  toe  first  competi&on,  and  126 

support  as  follows:  ONR>39;  ARO-31; 

®‘®  P^®9ram  is  planned  for  support  at  toe 
$10  million  in  1989,  $10.5  million  in  1990  and  $li  million 
in  1991  with  selection  of  approximately  120  fellows  per  year  for 
toe  three-year  fellowship  (forward  funded  to  cover  3  yrsf) .  The 
pro^am  appears  to  have  been  well  received  and  has  had  high  quality 


B.  gROGRAMS  TO  PERFORM  RESEARCH i 

RfiSfiftRCT  ASSISTAyrSHIPSt  The  DoD  is  authorized  to  contract 

grants  in  areas  of  research  which  are 
relevant  to  toe  mission  of  the  Department.  In  1989  DoD  funded 

^  research  conSScJs 

universities  and  colleges  (exclusive  of  R&D  centers 
to  So  nnn^  universities)  to  conduct  research  in  areas  of  interest 
to  toe  DoD.  A  major  subsidiary  benefit  of  this  research  was  toe 
7*"*"**  stirfents  iji  fields  of  science  and  engineering 
^  import^ce  to  itoD.  The  most  recent  National  Science 
undation  survey  of  Scientists  and  Engineers  (5),  indicated  8,235 
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full-time  graduate  students  were  being  supported  by  research 
of  other  related  support  in  1987.  Assuming  a  cost 

eLtfort  for  graduate  assistantships,  the  level  S 

upport  for  this  mechanism  would  be  $156.5  million  oer  vear 
Research  programs  of  DoD  are  administered  bv  tihJ’  I  year. 

2*™'  Re'SSt^!“lSfe  L  “lor^o«ice“S 

Research,  and  the  Defense  Advanced  Research  Proiects 
Agency  and  are  coordinated  by  the  Office  of  the  Si 

Mnag^ente  Individual  assistantships  are  selected  bv 

"4,?*'*  are  not  limited  to  d!s. 

S  I  nationals.  This  program  was  initiated  by  the  Office 

1946  and  was  subsequently  exoanded  to  tho 
Services  end  DARPA.  It  has  been  respIJSible  trainSo 

the^oh^^®  number  of  the  scientists  and  engineers  who  now  work  in 
toe  physical  sciences  and  engineering.  Perhaps  more  than  anv  othSS 
DOD  program,  it  has  made  a  major  contribution  to  tSS 
supply  Of  highly  trained  scientists  ^^ntSsf  = 


£BggRAMS  TO  PROVIDE  PTSSEARCH  EyPFPTimcy;.  | 

Many  of  the  progreuns  that  provide  reseeirch  excerienc^  at  -hh*. 
mde^aduate  level  are  also  conducted  at  ^^JSSe  JIve?  ^n 
P^icular  the  csrSE  programs  and  the  SEBHERHim  orcwr^  «eosS 

*«^®**^i**^  ®®  advisors  in  case  summer  faculty  Darticioants 

a^inist^SS  ^  ?olS“Ai? 

Congress  amended  Title  lO  USC  in  1982  to  ad/9 
which  allows  toe  Secretary  of  Defense  to^  proture^by  ^iScT^tte 

2:irVi5^-^s.sSy-!«  S“S”rSSfh 

*^w^*?^^®**  employing  toe  students.  The  students  are  covered  bv 

MeSeai'lS!s.!S^2iS"nJ*‘?*^“'  ****“  sources  indicate  the  Army 
^  ««ploys  about  400  stud^ 

provi.ion^,he=“5St^4  ^S^ShS^^n^  4£r*:a.i*“thS^n.^: 
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student  employment  programs  described  in  Chapter  308,  Federal 
Personnel  Manual,  although  with  greater  flexibility. 


D.  PROGRAMS  TO  PROVIDE  SCIENCE  AND  ENGINEERING  EDUCATION  FOR 
EMPLOYEE  TRAINING: 


Training  programs  for  employees  are  conducted  under  the  same 
authority  and  under  the  same  terms  as  those  previously  described 
for  the  undergraduate  level.  The  programs  basically  fall  into  the 
categories  of  tuition  support  for  a  few  courses,  part-time  work 
programs,  and  full-time,  long-term  programs.  Under  conventional 
0PM  training  rules,  the  acquisition  of  a  degree  as  an  end  objective 
is  not  allowed  although  the  incidental  earning  of  a  degree  as  a 
byproduct  of  the  training  is  acceptable.  This  places  the  DoD  at 
a  disadvantage  when  compared  to  most  industry  benefit  packages. 
The  Air  Force  is  evaluating  two  programs  in  this  area  which 
emphasize  the  need  for  academic  training  as  part  of  the  preparation 
for  attaining  competence  in  technical  and  management  positions. 


Examples  of  the  short-term  tuition  support  programs  include 
AFTER  HOURS  TUITION  SUPPORT  at  Defense  Intelligence  Agency;  the 
TUITION  ASSISTANCE  program  of  the  Defense  Mapping  Agency;  the 
NAVSEA  INSTITUTE  at  Naval  Sea  Systems  Headquarters  (which  offers 
career  specific  courses  in  cooperation  with  Virginia  Tech) ; 
INSTRUCTIONAL  TELEVISION  offered  by  Naval  Ocean  Systems  Center  and 
Naval  Research  Laboratory;  special  ON-SITE  EDUCATION  CENTER  CLASSES 
provided  by  ainangement  with  the  University  of  California  at  Chico 
State  and  Irvine  to  service  employees  of  the  Naval  Weapons  Center 
through  live  and  televised  graduate  and  xindergraduate  classes;  and 
a  similar  arrangement  at  the  Army  Corps  of  Engineers  waterways 
Bg.ERIMENT  STATION  GRADUATE  INSTITUTE  in  cooperation  with  Louisiana 
State,  Texas  A&M,  and  Mississippi  State  Universities. 


Exeunples  of  part-time  study  programs  include  the  EDISON 

MEMQRXMit _ TRAINING  program  at  Naval  Research  Laboratory,  which 

provides  for  24  hours  of  work  per  week  and  16  hours  per  week  of 
academic  study  at  full  salary  after  one  year  at  NRL.  The 
opportxinity  is  limited  to  one  year  in  ten  (exceptions  granted  for 
two/ten) .  The  GRADUATE  ACADEMIC  program  at  Naval  Ocean  Systems 
Center  is  similar  with  a  20  hour  academic/ 20  hour  work  program  at 
full  saliury. 


Examples  of  long-term  graduate  training  programs  which  allow 
full-time  attendance  at  school  at  full  salary  and  tuition,  usually 
after  three  ye^s  of  service  and  with  a  three-year  obligation  of 
continued  service  for  each  yeeu:  of  education  provided  include  the 
MISSION  RELATED  GRADUATE  program  at  the  Army  Corps  of  Engineers; 
the  LONG-TERM  GRADUATE  TRAINING  programs  at  the  Naval  Sea  Systems 
Headquaurters  and  the  Naval  Oceem  Systems  Center;  fttt.t.-ttme  GRADUATE 
^PCATIQN  program  at  the  Naval  Air  Development  Center;  ettt.t— time 
S.TOPY  prograun  at  the  Defense  Intelligence  Agency;  and  advanced 
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SRAP?ATE  BESEAfiC^f  program  at  the  Naval  Research  Laboratory.  The 

Laboratory  offers  a  slight  variant  to  this  format 
the  Sfil^ggr  GRADUATE  STVPENT  program  which  offers  one-half  salar^ 
support  for  full-time  study  after  only  one  year  of  government 
service.  Several  organizations  offer  long-term  ^  trainina 
opportunities  in  specific  disciplines  critical  to  the  organization 

SYSTEMS  ANALYST  FELLOW  offered  by 
Headquarters  of  the  Department  of  the  Armv  and  operatton«! 
aCVftWgEP  FEWW  Offered  by  the  te»y  Materlel^^df  ^e^ 
BjCmiPHht.  MtAtYST  offered  by  the  Defense  Intelligence  Agency; 

SQASTAL  ENGINEERING  EDUCATION  proqrem.  WATER  RESOURCES  PLMfNTWC 
MSOeiME  and  WATER  RESOURCES  AND  ENVIRQt^g;  llw  ASS^tT^F^TT 
by  the  Army  Corps  of  Engineers.  “  ^ 


The  Air  Force  has  two  unique  programs  that  couple  recruiting 

programs.  The  EMAgE  ftCpyiRS  program, 
using  0PM  direct  hire  authority,  recruits  recent  college  graduates 
in  engineering  disciplines  into  the  Career  Intern  program  and 
Offers  them  the  opportunity  to  pursue  advanced  job-related  studies 
which  may  lead  to  a  M.Sc.  degree  during  the  trainee  period.  The 
program  has  been  in  operation  since  1986  with  about  50  interns  pei 

results.  The  PALftCE  KNIgHT  program  is 
uo^er  program  developed  and  administered  by  the  Air  Force 

Personnel  center  which  enedales  personnel  to  pursue 
advanced  studies  in  their  career  field  at  both  the  M.Sc.  and  Ph.D. 

New  recruits  are  hired  at  the  GS-7  level  and  report 
dirertly  to  lAeir  universities  as  their  first  duty  stations.  They 

Masters  degree  as  a  by-product  of  the  studies 

years,  then  are  assigned  to  a 
lab/work  position  for  three  years,  with  satisfactory  ratings  in 

Palace  Knight  trainees  can  then  return 
to  school  to  continue  their  studies,  which  usually  lead  to  a  Ph.D. 
de^ee  as  a  by-product  of  the  advanced  study.  Pull  salary, 
buition,  and  relocation  expenses  to  the  duty  station  are  paid.  A 
continued  service  agreement  of  three  years  for  each  year  of 
training  must  be  si^ed  prior  to  employment.  The  program  is 

4^°  ^  January  of  1990  with  approximately  lOO 

participants  projected  per  year. 
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£OST-pOCTORAI,  and  faculty  EDUCATION  PRQGPaii|fi 

Post-doctoral  and  faculty  education  programs  are  orimarilv  in 
providing  exposure  to  state-of-the-art^sci^ce^and 
technology  for  new  Ph.D.s,  for  faculty  enrichment  Sr  fSr 
enrichment  of  faculty  at  minority  institutions .  Since  the  oroorams 
employ  trained  scientists  and  engineers,  they  are  classified  as 
pro^^  where  research  is  conduced.  4ey  als7se^l®  hlttte? 

tte  re»«aroh  areas  of  iWest  170^,0  aX  iA 

the  case  of  the  post-doctoral  fellow  programs,  are  one  of  thS 
effective  recruiting  programs  available  to  the  laboratories. 


A. 


£RQgRAMS  WHICH  perform  RESEARCH- 


is  fOTTNCIL  RggSAPCH  ?VSSOCIATESHtp  program 

IS  one  Of  the  oldest  education  programs  supported  bv  Dod 

back  to  1957.  The  program  provided  placement  fS^  239 

fellows  in  17  DoD  laboratories  and  centos  difng  wir  iSSfSSfSi 

stipends  of  $32,000  to  ^ei“p^ 

allowances  and  conference  fees  weM^^fn  teavel 

**”  "•tional^ar^  f  A^SorSy 

Sc  Mtionals  i  ttSr  ;|Ag?S 

l^l^din,  .=5SIS?s 

but  is  edniiaiiSrS^Ay  ^.  ^5,  P>^®9ra«, 

Education  and  provides  ^a  aliahtiv*^^!I!l..*'’°^*^^  Engineering 

program  had  ^  generous  stipend.  The 

ia?S“paSS^  Havy  “  “«»  "*>»  “«•  Pl“«S  « 
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o  •  . FACULTY  programs  are  sponsored  bv  » 1 1  4-v<va 

Services  to  provide  research  experiences  in  D^riaboratori^s 

SLiTi?  ®>e  .  applicants  must  be  iac!”J 

hold  or  be  eligille  f«“ 

SerrTso^^Lfn®*?^""^  universal  ^ergy  S^ter^^  ?Serl 
administers  the  Navy  pro^am^tteoug^'a  comiart°wi1**  toe 

A^'^Resea^ 

popular  than  the  short«  ^  t?cii?/*prS^ alf^"“  ’*  "*“ 


prograju,  MllS’^tte^^^RS*?HTTT»T?S“-ifJ;?^i?f  5®  ?  conpanion 

PropSMjs^."4iS?ed  a  »^'.  institSlIon; 

evaluated  for  rH^S  "* 

exchanges*mi^^°ia>e^an^rlty  *of  ^the*  iSim  P’^P’^am  for  long-tern 
Art  oi  1970  a.  *SLSS"f,5bUc  9^ST;*™*4V"nS?5SS^ 

reswch  or  adninistrati^  In  an  area”  f°  MtMl*^Sr^*°™S® 
2^ii^Lg”?felS*  fculty  -eia«r  in“ifnS«ce“r 

relocation  e^ses  are  paiY  by  th^^^or^”' 
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The  Office  of  Naval  Research  YOUNG  INVESTIGATOR  program  is 
not  strictly  an  education  program  but  is  an  innovative  program 
designed  to  assist  new  faculty  members  within  five  years  of  their 
Ph.D.  in  obtaining  their  first  DoD  grants.  This  program  is 
intended  to  attract  capable  new  faculty  members  who  are  outstanding 
researchers  to  areas  of  research  relevant  to  DoD.  In  1989,  44 
Grants  totaling  $2.5  million  were  awarded. 


B.  PPOCRAMS  TARGETED  TO  INCREASE  THE  PARTICIPATION  OF  WO^gN-MB 
MINORITIES; 


The  WOMEN  SCIENCE  SCHOIARS  program,  developed  by  Office  of 
Naval  Research,  is  intended  to  provide  post-doctoral  experience 
for  Ph.D.  graduate  women  who  are  at  a  point  in  their  careers  where 
this  experience  can  madce  a  critical  difference.  It  is  based  at 
Bunting  Institute  of  Radcliffe  College  with  collaboration  at  other 
New  England  schools.  The  women  are  paid  a  stipend  of  $25,000  per 
year  for  a  period  of  a  year.  The  program  is  rated  highly  by  the 
participants  and  credited  with  substantially  aiding  their  ceureers 
and  attracting  them  to  research  areas  of  interest  to  DoD. 


The  SUMMER  CQ-LLEGE  OUTREACH.  RECRUITMENT.  AND  ...EMgL 


(SCORE)  program  of  the  National  Security  Agency  is  an  affirmative 
action  initiative  in  support  of  HBCUs  and  other  minority 
institutions  (Mis) .  Faculty  members  of  these  institutions  in 
engineering,  computer  science  and  mathematics  fields  work  at  the 
National  Security  Agency  during  the  summer  months  amd  are 
introduced  to  research  fields  of  interest  to  the  agency.  The 
summer  experience  helps  them  to  keep  abreast  of  c\irrent 
developments  in  their  fields  and  makes  them  aware  of  educational 
requirements  for  careers  at  NSA  which  should  be  incorporated  in 
their  curricula.  It  also  provides  contacts  for  later  NSA 
recruiting  at  these  institutions. 


gVMWftRY 

Table  II  provides  a  summeury  of  participants  and  funding  level 
in  thousands  of  dollars  by  education  level  and  by  purpose  of  the 
program  for  responses  received  in  the  survey.  It  should  be  noted 
that  the  largest  programs  in  terms  of  funding  are  the  reseeirch 
assi8t2Uitships  and  ROTC  scholarship  programs  with  $156.5  and  $106 
million,  respectively.  Targeted  programs  totaled  $7  million. 
Employee  training,  for  those  programs  reported,  amounted  to  $18 
million.  This  is  certainly  an  underestimate  since  many 
laboratories  and  centers  were  not  reported  in  the  survey. 

Some  perspective  on  the  education  investment  at  a  reseeurch 
laboratory  can  be  gained  from  Table  III  ^ich  provides  a  break-do%ni 
on  programs  supported  at  the  Naval  Research  Laboratory,  Washington, 
D.C.  In  1988,  NRL  had  3,576  e9q>loyees  with  497  B.Sc.,  323  M.Sc., 
and  729  Ph.D. 8.  This  table  provides  a  co]iq>ari8on  of  the  magnitude 
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and  a  basxs  for  estlma^inrT  ^ 

*"“*  “  “-“P'  •«c^-t“o=r 
fundinft“eft“%rslaTye«'^f“  ?L:Sus 

^  research  prograjn  and  personnel  offices.  llblT?? 

Table  V  is  on^“the"d^“ii,“lJLSic^®  complete. 

estimates  of  cost  "wh«e  1f5ia“  f&^'^lre  not  nrtt.tdSd"’^®"?.® 
represents  a  Icwer  limit  for  the  vaSSus  pr^^  iSt^d.  “ 
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TABLE  II 


5HMMARY  OE-.SCIENCE  AND  ENGINEERING  EPncATTOM  PPnripaM 
PARTICIPATION  /^  FUNDING  -  Qfl  j 


PARTICIPANTS 


JNG  fSK) 


PRE-COLLEGE  LEVEL 

IMPROVE  QUALITY 
STIMULATE  CAREER  INTEREST 
PROVIDE  EXPERIENCE 
TARGETED 

TOTAL 

UNDERGRADUATE  LEVEL 
ROTC  SCHOLARSHIP 
PROVIDE  EXPERIENCE 
TARGETED 

EMPLOYEE  TRAINING 

TOTAL 

BOTH  UNDERGRADUATE  &  GRADUATE  LEVEL 
PROVIDE  EXPERIENCE 
TARGETED 

EMPLOYEE  TRAINING 

TOTAL 

GRADUATE  LEVEL 
FELLOWSHIPS 

RESEARCH  ASSISTANTSHIPS 
EMPLOYEE  TRAINING 

TOTAL 

POST-DOCTORAL/PACULTY  LEVEL 
RESEARCH  APPOINTMENTS 
TARGETED 

TOTAL 

GRAND  TOTAL 


5128 

12,247 

968 

225 

19,078 


13 , 147 
376 
228 

522 

14,278 


758 

3 

25,251 

21,032 


541 

8,337 

1189 

10,067 


933 

-  13 

946 

65,376 


793 

1,137 

1768 

1Q3. 

3,806 


106,331 

1,516 

7,088 

7^792 

122,727 


2614 

40 

5^457 

8,111 


20,393 

157,310 

5^47? 

184,182 


21,320 

...  199 

21,509 

340,335 
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TABLE  III 


Student  Volunteer 

S2 

1 

££ 

2 

4 

SI 

0 

SS. 

0 

SI 

0 

Sumner  Hire 

84 

58 

55 

284 

205 

196 

SEAP 

79 

98 

97 

91 

113 

112 

Gifted  &  Talented 

2 

3 

1 

5 

8 

3 

1040  Hr.  Appt. 

85 

78 

81 

674 

354 

373 

Federal  Jr.  Fellow 

14 

11 

4 

48 

44 

18 

Co-op 

143 

129 

119 

835 

807 

700 

ONR  Grad  Fellow  (summer) 

6 

32 

ONT  Post-Doc. 

30 

35 

40 

975 

1138 

1440 

NRC  Post-Doc. 

60 

60 

60 

1629 

1920 

1920 

Summer  Faculty 

49 

500 

Edison  Mem.  Grad.  Training 

15 

15 

8 

203 

213 

266 

Select  Grad.  Training 

2 

1 

3 

45 

36 

85 

Adv.  Grad.  Training 

6 

3 

4 

448 

191 

315 

Technical  Training 

(Total  no.  courses)  1763 

1340  1539 

530 

474 

619 

Partners  in  Education, 

H.  V.  Leckie  Elemental  School 
Washington,  D.C. 


Totals 


5767  5503  6579 


TABLE  TV 


SCIENCE  AND  ENGINEERING  EDUCATION  PROGRAMS  SUPPORTED  BY  RESEARCH 
OFFICES  fONR.  AFOSR.  ARO;  R&ATfRLM)  COORD.)  -  FY  1989 


SERVICES 

PARTICIPANTS 

SUPPORT  {$ 

1.  RESEARCH  ASSISTANTSHIPS 

All 

8235 

$156,500 

2.  FELLOWSHIPS 

ONR  FELLOWS 

N 

139 

4,100 

URI  FELLOWS 

A 

158 

3,163 

LAB  GRAD  FELLOW 

AF 

50 

1,661 

AFRAPT  FELLOW 

AF 

45 

908 

ATRl  FELLOW 

AF 

20 

465 

JT.  SERV.  ELECT.  FEL. 

ALL 

3 

90 

NDSE6  FELLOW 

ALL 

12£. 

-l.QiP96 

TOTAL 

541 

20,393 

3 .  POST-DOCS 

NRC 

ALL 

239 

7,624 

ONT 

N 

77 

2,185 

DNIV.  RESIDENT  RES. 

AF 

1.942 

TOTAL 

340 

11,751 

4.  FACULTY 

SUMMER  FACULTY 

ALL 

474 

5,339 

YOUNG  INVESTIGATOR 

N 

44 

2,530 

RESEARCH  INITIATION 

AF 

_2£ 

1.700 

TOTAL 

593 

9,569 

5.  HBCU/MI 

HBCU/MI* 

N 

200 

6,500 

UNITE 

A 

686 

105 

WOMEN  SCHOLARS 

N 

_ fe 

174 

TOTAL 

892 

6,779 

6.  PRE-COLLEGE 

H.S.  APPRENTICE 

ALL 

960 

1,765 

H.S.  S&M  FACULTY 

A 

128 

543 

JR  SCI&HUM  SYMPOSIUM 

A 

10000 

850 

SCIENCE  FAIR  AWARDS 

A&N 

1115 

250 

NATL  SCI  RES  CNTR*  DDR&E 

5000 

300 

TOTAL 

17203 

3,708 

GRAND  TOTALS 

27804 

208,700 

*  l^ese  broad  programs  affect  entire  schools  to  some  degree, 
estimates  of  participants  are  long  term  involvement. 
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TABLE  V 


£P-?CATIQK  PRQgRAMg  glJPPQRTED  py  PERsowwprr. 

FISCAL  YRAP  iQflc 


AND  EEC  OFfT^KP 


PROGRAM 

Adopt-A-School 

Summer  Aid/Stay-in-School 

Junior  Fellow 

Summer  Programs 

1040  Hr.  appointment 

Co-op 

Targeted 

Career  Intern 

Training 

TOTALS  APPENDIX  B  AND  C 
♦Costs  are  best  estimate  where 


PARTICTPAWTS 

1$K) 

275 

0 

1563 

5470 

329 

1316 

1541 

5393 

81 

373 

2260 

15830 

105 

501 

2958 

110646 

19700 

laszp 

28812 

189449 

not  given  in  Appendices 


36 


SECTION  III: 


Several^ in-depth  studies  of  science  and  engineering  personnel 
needs  and  science  and  engineering  education  programs  in  the  DoD  are 
currently  in  progress.  one  study  is  evaluating  the  current 
programs  and  will  recommend  a  course  of  action  for  the  near  future. 
CoMents  were  received  on  the  effectiveness  of  the  various  programs 
and  a  few  of  these  observations  will  be  included.  A  second  study 
will  examine  future  supply  and  demand  for  scientists  and  engineers 
in  Dop.  A  third  study  will  evaluate  current  education  programs  to 
Identify  the  elements  for  successful  programs  and  recommend 
dirertions  to  meet  the  challenges  of  the  year  2000.  The  second  and 
^ird  studies  are  two-year  studies  jointly  funded  by  the  Deputy 
Director  for  Research  and  Engineering  ■  '(Research  and  Advanced 
Technology)  and  the  Assistant  Secretary  of  Defense  for  Force 
Management  and  Personnel. 

^  a  preface  to  the  discussion  of  observations  on  the 
effectiveness  of  existing  programs  it  should  be  noted  that  the 
criteria  used  in  evaluating  the  programs  differ  with  the 
perspective  of  the  responding  organization.  Evaluations  from 
persorael  offices  tend  to  place  the  emphasis  on  the  effectiveness 

in  recruiting  and  retaining  scientists  and 
’k  pre-college  programs  tend  to  be  lightly 

criteria  because  they  will  not  provide  an 
supply  of  new  personnel.  Fellowship  programs  are 
^  number  of  degrees  earned  and  the  retention  of  the 
graduates  in  defense-related  fields.  The  part-time  research 

contr5>ution  mde  to  the 
research  effort  of  the  organization,  and  this  judgment  is 
influenced  by  the  overhead  and  indirect  charges  assessed  against 
these  special  positions.  Developing  criteria  appropriate  for  DoD- 
wide  policy  decisions  will  be  a  part  of  the  stu^  0”^^^^^^. 

th.  gf°P5.  the  prograss  that  are  aost  effective  for  recruiting  are 
the  Career  Intern  prograns  that  recruit  fro«  campus  for  an 

«SSciSS*f  s  acIVMcS 

education  as  part  of  the  package.  Co-op  programs,  likewise  are 

rated  as  very  effective,  with  recruitment  rates  of  65-70  percent 

reported  in  some  organizations.  At  the  advanced  degree  level  the 

postdoctoral  research  associateships  are  ve^  elfeSive  in 

providing  a  continuing  supply  of  well  qualified  grSuate  scientists 

and  engineers  for  conducting  research  in  DoD  laboratories  or  under 
university  grants  and  contracts.  atones  or  under 

inmoi-SS^-  training  programs  are  generally  considered 

both  for  providing  educational  opportunities  for 
*  recruiting  tool.  However,  these  in-house 

whtih  22  22?^“  currently  limited  by  statutory  restrictions 
which  <io  not  permit  payment  of  costs  associated  with  obtaining  a 
degree.  This  restriction,  coupled  with  others  limiting  an  employee 
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to  one  of  long-term  training  in  ten  years  service  ^or  even  two 

years  with  an  exception)  makes  it  very  difficult  to  assis't 
employees  to  pursue  advanced  degrees  in  science  and 
Edu«tion.l  ^neflts  for  private^indl sSy 

w??h  poD  and  federal  recruiting  in  general  less  competitive 

private  sector.  A  change  in  training  regulations  to 
^rait  limited  exceptions  to  these  rules  for  cj^eer  fields  there 
the  government  is  encountering  difficulty  in  recruit  ino 

tSl^foJ^ali^tfd®®®!  P^?Po®e<i  in  H.R.  2544  as  an  Administration 
^  ^  agencies  and  may  provide  some  relief  for  this 

^  Of  compensation  coOpa^Simy 
Witt  private  industry  is  still  the  major  determining  factor  in 
retention  rate  of  scientists  and  engineers  in  gove^eVttttice 

Among  the  research  office  proorams  the 

supported  by  research  ^anS  to  ac^emio  fa^S 
are  considered  the  most  effective  because  the  student  subboth-  •{« 

tacilities,  and  “  e’^tsSrSV^ISs^ 

interest  to  DoD.  Fellowship  programs  witt  a 
laboratory  tie  are  next  most  effective  in  terms  of  tT•J«^n■!T^« 

thS'^e+^^H  research  of  interest  to  DoD  and  recruitino 

““Platio”  their  edueation.  The  unresteirtS 
provide  the  least  return  to  DoD  in  teriTVf  dSrt 
recruitment  of  scientists  and  engineers  but  thev  attract  noT-o 

;  situation  where  there  is  a^^^ed  su^fy 
^  and  a  fellowship  witt  the  iSst 

mos?d2i?2Ll2.  employment  opportunities  is  considered  the 

related^  ldueitfoTf“«"^  science  and  engineering  research  and 

programs  at  HBCUs  has  increased  from  about  S2 
million  in  FY  1981  to  approximately  $12  million  in  ^ila I 

minority  business  office.  Moreover,  efforts 
to  small  diladvtmtt^S  busttLsfsf 

engineeriio*  °f  HBCDs  have  graduate  programs  in  science  and 

engineering  fields,  and  only  ten  offer  the  Ph  n  HAm>AA 

«l«tion»*>ips  with  a“ar^*„.^-  of 

clear  that  a  long  term  effort  will  be  reouired 
to  build  the  research  capability  of  HBCDs.  This  effor^muet 
include  steps  to  interest  studeJts  in  sciiice  wd  enqttee?ino 

aS?S?L  educatTon  “fdeT^to  alJS 

engineering  curricula;  to  build  ^the 
iSoiSeSiS^sBi^iS*®"^  Md  facilities)  of  the  science  Sd 

MMrtt  acquaint  the  faculty  witt  the 

research  and  technology  needs  of  the  DoD.  ^ 
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Pre-coli.g.  programs 

and  science  fairs  to  moi^  education  criterion,  the  most  effective 

progrjBS  fS|?u“=e  care“  lec“iSS4  for  science  and 

are  those  that  infiuenc  career  guidance  and  a  glimpse 

engineering,  ^ovide  toe je^s^  ^  sci^oe  and  engineering 

of  the  excitemen  annrenticeship  Programs  provide  these 

career.  «ie  high  school  Ap^entic^hxp  iT^  ^under-funded. 

elements  but  tend  to  ^aer  pi^x  Federal 

Experience  programs  which  provide  broad  employment 

juni«  tofund^^<^uate  student,  should 

opportunities  for  the  high  scnooi  aw  ^  ^  science  and 

i^w“toan’ av«a«"Ti)ce!i£^  ?J^iJsSl^“areers  in  such  fields, 
oarticularly  with  toe  Federal  govemnent.  Another  "?f 

goals.  For^^^,  ^c-  S 

ISiS“r^aSs’^tou?a  n^  res^°-ces  to  travel 

to  and  live  in  the  Washington,  D.C.  area. 

Observation  and  concern  expressed  by  many  of  toe 

respondents  was  toa^fi^  suPPoJ  SSgSt 

progr^  is  ^Dert  concern  that  toe  impending 

to?*Slf^  toij^t^would  result  in  a^|«rtionato 

reductions  in  training  and  education  cSSed 

is  that  enthusiasm  for  new  education  initiatives,  pursuea 

S;SoS  Se^lJiS^  of  new  funds,  will  eliminate 

wiiSb  a^  iudaed  to  be  effective.  An  example  of  this  latter 
was  toe  establishment  of  the  National  Defense  Science  and 

?5i 

in  the  number  of  scientists  and  engineers  trained  and  .  P  .  , 
Bfooram  was  replaced  with  one  toich  does  not  couple  financial 
lu^rt  to  toe  facilities  support  needed 

Moineering  graduate  training.  The  separation  of  toe  fellows^p 
support  fr?m^to  a  principal  investigator  working  on  DoD  Pr®3«2l 
and  work  experience  in  DoD  laboratories  also  makes  it  less 
effective  for  recruiting. 
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PROGRAMS  BEING  EXPANDED 


.lrea.y  i„  t..  process'of^SL.^fo^  0^1X1'  “* 

scholarship*/  •nginaers  for  ROTC 

numbers  of  scientists  ^n^^n/rjn  ne^  for  increased 

support  for  tuition  fees  pJTOviding  scholeorship 

per  y^-  b?  '  *  subsistence  allowance  up  to  $5000 

-^“cirisVonfS^ 

Sif  SH%r€S:S-- 

^^cSa“Ss-i„»  rSMonC'S:H¥£ST-^ 

There  are  currently  216  oarticiMn^e  support  provided, 

considered  to^!i^effecti^»^^  program.  it  is 

retaining  trained  scientists  anS^iIL<^"  terms  of  providing  and 
requirements  make  it  difficult  to  reS2it*^itote^!*® 

assisr*mCTi“i^'  i^l-ssntin,  an  initiative  to 

departments.  of  the  106  HBCM  on^  engineering 

courses  in  science,  »ath°an™<SigineSSio  offer  graduate 

degrees  in  these  fields  ^us  ?  ^  ten  grant  Ph.D. 

addressing  all  lavais  long-term  ccmprehensive  program, 

to  .at«fal*ly  il^iLl^iSL*  "“e"  ** 

graduates  from  these  Institute  *®ience  and  engineering 

s^“?i 

SS^ad^a 

will  .^lament  the  OHS  i4^«  *  5^“* 

to  stimulate  interest  in  science  programs 

fields  and  to  Improve  the  oualitv  oV  ef«-iss  engineering  career 

the  pre-collegelevll.  quality  of  science  and  math  education  at 

i^twgxam  is  me  Palace  Knight  program  scheduled  to  begin 
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in  January  1990.  The  program  is  desioned  to 

program  uses  0PM  direct  hire  authority  to  Vecru?t  r-eeiot® 

ir^iy  “/s 

sirHoS^iSniir 

^UX^Tl^r  °LT  =ont\^J^i“s"iv\“=e* 

ksSS^3  S' sSrT^*“» 

increase  the  wm^^T  Congress  in  1989  to 

science  amd  engineerino  fields  advanced  degrees  in 

fellowship  pays  $15,000  per  year  the  firS^M^^'sie^ooo^S' 
year,  and  $17,000  the  third  year  as  we  1 1  * «  f « 1 1  4- •  second 

for  a  period  of  three  vears  tuition  and  fees 

for  approximately  120^fellows^  yea^^th^a^tota^^**  t 

program  after  three  years  suono^^J^iw  *  of  360  in  the 

the  Service  research  offices  ^oSn^  iiSmST^  f®  provided  by 

program  is  ooerated  hv  APOSR)  and  DAPPA.  The 

arinltial  IS??5Si5on^oVf^iw“  contract  to  the  services. 

4,200  applications  for  t^  ll«^iSSe"^i^^  "*¥  “i«> 

Annual  fading  for  tte  SLr™  /*“???  selected  in  1989. 

increase  to  $ii  niliion  LtiJipated  flVlMit^”  ^  “ 


EVALUATION  OF  SPECIFIC  CONCEPTS 

to  evaluat(^Siir*X>nTOpte.^%^^^^  report  requested  DoD 

teaches  oTs^c'ieice^^Sgl^^^^^ 

the  teachers  with  a  broad  Sdat^^!!!!*^®  ^  ®”®  which  provides 

science  teaching  prior  Vo  «  e^t-w«2  ®f®®®  science  and 

teachers  appear  to  bSef i^M experience.  The 

and  the  altiviSeV^Sf  ® 

or  career  scientists  and  engineers;  the 
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opportunity  to  participate  in  a  research  project;  exposure  to 
current  topics  of  interest  in  science  and  engineering;  and  the 

enhancement  of  scientific  knowledge  primarily  through  the  academic 
component • 

As  this  report  shows,  DoD  brings  large  numbers  of  high  school 
midergraduate  Md  graduate  students,  post-doctoral  sclK>lars  and 
faculty  researchers  into  its  laboratories  for  research  experiences 
during  the  summer.  These  programs  were  built  gradually  over  a  lono 
pe^od  of  tpe.  (See  Table  III  which  shows  the  range  of 
participants  in  summer  research  experiences  at  the  Naval  Research 
Laboratory  as  an  example.)  DoD  favors  increasing  the  participation 
of  pre-college  teachers  of  science  and  math  in  those  laboratories 
which  can  productively  absorb  larger  numbers  of  stammer  researchers 
at  various  levels  of  capability.  These  summer  internships  for  pre¬ 
college  teachers  support  the  President's  and  the  Governors' 
national  ^als  for  education  by  providing  opportianities  for 
lOTowledge°^  mathematics  and  science  to  expand  their  scientific 

DDR&E/ASp(FMfiP)  Study  of  successful  intervention 
earli^  will  evaluate  the  existing  teacher  programs 
now  underlay  and  eacplore  possible  methods  of  ea^anding  this  idea. 

2.  An  award  program  for  exceptional  pre-college  teachers  in 
sciences,  engineering  and  other  technical  disciplines. 

The  Bush  Administration,  in  recognition  of  the  importance  of 
exceptional  pre-college  teachers,  has  expanded 
Awards  for  Excellence  in  Science  and 
Mathematics  Teaching  program  to  include  elementary  as  well  as 
secondary  teachers.  The  Administration  has  proposed,  in  the 

CongrLs  create  m 

xpanded  Presidential  Awards  for  Excellence  in  Teaching  Progreun  to 
encompass  an  even  greater  number  of  exceptional  teachers. 

expertise  or  experience  in  pre- 
an  awards  program  independently,  the 
^partment  supports  existing  amurds  programs  conducted  by  the 
National  Science  Foundation  and  the  Office  of  Science  and 

** 

.  w  ®  ^  scholarship  program  for  undergraduates  in  science  or 

college*ievS^*^^°”  teach  those  disciplines  at  the  pre- 

®^?l“hip  programs  for  undergraduates  in  science  and 
^thematics  who  plan  to  teach  those  disciplines  at  the  pre-college 

means  for  meeting  the  critical  shortage  of 
teaches  in  those  fields.  A  number  of  Bills  pending 
in  the  Congress  include  proposals  for  such  scholarship  programs  to 
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be  operated  by  the  Department  of  Education  and  the  National  Science 
Foundation.  Although  the  DoD  has  neither  the  expertise  nor  the 
authority  to  develop  and  administer  such  scholaurship  programs,  it 
will  support  the  efforts  of  these  agencies.  The  DoD  will 
participate  in  the  proposed  Federal  Coordinating  Coiincil  on 
Science,  Engineering  and  Technology  (FCCSET)  Committee  on  Education 
and  Human  Resources  which  will  address  the  need  to  increase  “^e 
supply  of  technicians  and  professional  science  and  engineering 
personnel  for  the  nation.  This  committee  should  serve  to 
strengthen  interagency  coordination,  promote  more  efficient  use  of 
expertise  in  the  agencies,  reduce  pro^eun  overlap,  identify  areas 
of  program  need,  and  make  more  efficient  use  of  limited  federal 
resources . 

4.  Expanding  the  Barry  Goldwater  Scholarship  and  Excellence 
in  Education  Progreun. 

The  Berry  Goldwater  Scholarship  and  Excellence  in  Education 
program  was  established  by  act  of  Congress  {20  U.S.C.  4701-4711) 
as  an  independent  foundation  under  the  executive  branch  of  the  U.S. 
Government  with  eui  endowment  of  $40  million.  The  Boerd  of  Trustees 
is  composed  of  two  members  from  the  Senate,  two  members  from  the 
House  of  Representatives,  eight  members  appointed  by  the  President, 
and  the  Secretary  of  Education.  The  Fowdation  is  currently 
providing  undergraduate  scholarships  to  137  junior  and  senior  class 
students  majoring  in  science  or  math  who  were  chosen  from  each  of 
the  states,  the  District  of  Columbia,  Puerto  Rico  and  the  Trust 
Territories.  The  scholarships  provide  up  to  $7000  per  year  for 
finamcial  support.  In  the  last  competition  1,200  nominations  for 
the  scholarships  were  received.  There  are  other  provisions  in  the 
Act  for  graduate  fellowships  and  for  honoraria  to  volunteers  in 
various  school  systems.  The  Board  of  Trustees  has  elected  not  to 
activate  these  latter  programs  until  the  undergraduate  scholeurship 
program  is  well  established. 

The  DoD  supports  the  Barry  Goldwater  Scholarship  progreun  as 
an  example  of  a  program  that  recognizes  and  rewards  meritorious 
academic  achievement  in  the  fields  of  science  and  mathematics.  The 
program  should  contribute  to  increasing  the  numbers  of  scientists 
and  engineers  available  eind  is  therefore  worth  expanding ,  ^  although 
the  i]^>act  on  DoD  recruiting  would  be  less  them  the  science  emd 
engineering  ROTC  programs  operated  by  DoD  for  this  purpose. 
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Section  IV.  CONCLUSIONS  AND  PFr 


ATIONS 


sxibstantaal  experience  and  resoiirces  invested  in 
toe  training  and  preparation  of  personnel  for  military  service 
The  increasing  sophistication  and  complexity  of  toe  weapons  systems 
in  use  today  has  forced  toe  Department  to  train  the  techniciSrJSd 

effectively  maintain  and  utilize  tolse 

te^olcgy  base  in  the  DoD  laboratories  Md  “e  deS^sHnSult?? 

tum  relies  on  ^he  new  knowledge  generated  bv  thp 
^iversity  and  DoD  laboratory  research  communities.  This  same 

national  competiUvene“ 
into  ®  pioneered  in  Defense  research  make  their  way 

commercial  market  place.  Factors  which  diminish  toe 
science  and  mathematics  capabilities  of  toe  work  force  as  a  whoiA 
and  reduce  toe  supply  of  trained  scientists  aS  engineers  in 
particular  are  of  vital  concern  both  to  toe  DoD  and  to  toe  nation. 

The  DoD  has  toe  experience  and  capabilities  to  contribute  to 
M  improvement  in  toe  quality  of  science  and  engineerinS  education 

gen^atxon  of  scientists  and  engineers.  However,  exceot  foT  tihoeo 

dutiefi°”ve^*^®^^.  military  personnel  to  perform  their 

i  keeping  its  scientist  and  engineer  work  force  abreast 

devalopments,  and  fundii,  rasweh  al  a«dLia 
institutions,  the  DoD  has  limited  authority  to  DaitiellSS  in 
science  and  engineering  education  programs  that  impact  toe^laroer 

to  do  so  and  commensurate  funding  to  support  the  tasJc?^as8iSS: 
^e  DoD  has  used  toe  authorities  currently  available  to  it  i« 

ngineering.  Several  chemges  which  would  madce  the  current  svstM 

identified  and  will  be  pursued  through 

engineers  f^°^^***  competitive  compensation  for  DoD  scientists  and 
Federal  of 
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d)  Review  and  revise  travel  regulations  pertaining  to  student 
employiient  pri^ams  where  needed  to  neet  minority  employment  goals 
or  where  critical  shortages  exist.  J  f  jr  goais 

Finally,  the  obvious  fragmentation  of  the  education  proorams 

perspective  of  this  report  reguire?^ome 
comment.  DoD's  license  to  support  science  and  engineer ina 
education  programs  is  derived  from  multiple  authorities  which  have 
distinctly  diff«ent  objectives  in  support  of  the  defense  mission, 
and  consequently,  are  overseen  by  distinctly  different 
organisations  within  the  Office  of  the  Secretary  of  Defense  (oSD) 
namely,  military  education  and  training,  OASD(FM&P/MM&PP) ;  civilian 
^rsonnel  recruitment  and  training,  0ASD(PM&P/CPP) ;  and  research 

Moreover,  responsibility  for  managing 
these  program  is  further  delegated  via  comparable  organizational 

the  Hilitary  Depertments  *lmd  DefenlTig^^rS^ 
Witoin  these  organizational  structures,  education,  per  se  and 
engineering  education  as  a  particular  discipline 

oflieh  many  cases,  be  a  primary  function  ^of  S 

Offices  to  which  it  is  assigned. 

Nonetheless,  we  have  found  that  the  programs  are  reasonablv 
well  coordinated  and  function  effectively  as  Result  of  many  years 

of  file  growing  interest  in  the  impact 

ll  welfare  of  the  nation  as  a  whole  on  DoD  (Lch 

*f-  ?  women  and  minorities,  partnerships-in-education, 

major'fSS*  unproved  coordination  between  the  three 
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CAL  INFORMATION  ON  SCIENCE  &  Ewgineertwc 
EDUCATION  PROGRAMS 


Service 

Unit 

No. "89 

gM"89 

lio*. 

No. 

Mint 

Stay-in-School 

A 

All 

4057 

- 

Summer  Aid 

A 

All 

1465 

Federal  Jr.  Fellow 

A 

All 

246 

Summer  Employment 

A 

All 

1406 

• 

H.S.  Co-op 

A 

All 

329 

Sximmer  Faculty 

A 

All 

123 

HBCU  Faculty 

A 

All 

18 

— 

18 

Career  Intern  (S&E) 

A 

All 

1968 

• 

418 

564 

Undergrad/Grad  Co-op  (S&E)  A 

All 

805 

- 

- 

- 

Co-op  (S&E) 

AF 

All 

354 

mm 

Co-op  (S&E) 

N 

All 

840 

• 

- 

- 

ROTC  (All  Scholaurships) 

A 

All 

10350 

ROTC  (All  Scholarships) 

N 

All 

6589 

ROTC  (All  Scholarships) 

AF 

All 

4800 

- 

- 

- 

ROTC  (S&E  Scholarships) 

All 

All 

13000 

105 
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Objectives  for  Intervention  Programs 


Objectives  for  Intervention  Programs 


In  several  sections  of  this  report,  we  refer  to  the  disparity  among  the 
objectives  of  the  intervention  programs  encountered  during  the  study.  Which 
kinds  of  objectives  are  best  for  DoD?  Why? 

Since  fl//  of  the  program  objectives  we  reviewed  are  authorized  by  the  laws 
of  the  United  States,  the  answer  to  the  above  questions  then  take  on  a  matter  of 
priority  and  relative  value,  not  absolute  right  or  wrong.  In  the  quest  for 
increasing  the  size  and  quality  of  the  national  pool  of  scientists  and  engineers,  is 
it  better,  smarter,  or  more  effective  to  sponsor  or  conduct  programs  with  little  or 
no  immediate  payoff  for  DoD?  Or  should  DoD  support  only  those  research 
efforts  and  that  graduate  study  that  pay  prompt  and  direct  dividends  (in  the 
form  of  research  products  of  graduates)  to  the  sponsoring  DoD  organization? 
We  have  programs  in  our  sample  that  follow  both  principles. 

The  legal  authorities  cited  in  Appendix  D  appear  to  encourage  DoD  to 
sponsor  activities  with  both  immediate  payoff  and  with  more  limited  or  indirect 
application  to  DoD  missions.  If  that  interpretation  is  correct,  then  we  can 
conclude  that  DoD  programs  representing  positions  all  along  this  spectrum  of 
possible  objectives  are  proper  and  appropriate.  Indeed,  the  existence  within  the 
Department  of  some  136  programs  with  highly  diverse  objectives  support  such 
an  interpretation. 

All  of  the  program  managers  that  we  met  during  the  conduct  of  this  study 
are  conscious  of  the  "Mansfield  Amendment"  originally  written  in  1970  as  part 
of  Public  Law  91-441,  which  requires  DoD's  research,  development,  and  studies 
fxmdmg  to  have  a  potential  relationship  to  military  work.  Officials  responsible 
for  intervention  programs  that  have  very  general  objectives  believe  that  their 
programs  fall  within  the  scope  of  PL  91-441.  Other  DoD  intervention  program 
managers,  particularly  those  advertising  specific,  mission-related  requirements 
for  the  work  of  their  participants,  befieve  that  DoD  should  receive  direct  and 
immediate  benefit  from  any  sponsored  activity. 

Do  some  researchers  of  genuine  merit  shun  opportunities  with  direct 
military  pay-back  requirements?  A  number  of  managers  believe  that  they  do. 
These  managers  believe  that  such  pay-back  requirements  attract  more  than  their 
share  of  second-class  scholars  and  researchers  as  program  participants.  These 
same  managers  would  point  out  the  importance  of  making  friends  for  DoD 
among  America  s  foremost  scientists  and  engineers.  If  a  particular  scholar  or 
researcher  accepts  a  DoD  research  contract  or  postdoctoral  fellowship  with  no 
strings  attached,  the  researcher  then  becomes  a  viable  future  candidate  for 
principal  investigator  status  for  DoD  research  contracts  that  may  have  more 
direct  pay  back.  In  addition,  this  argument  states  that  this  investigator  will 
ultimately  do  better  work  for  DoD  since  he  or  she  is  one  of  the  nation's  "best  and 
brightest." 
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We  are  skeptical  of  this  view.  We  tend  to  side  with  the  program  managers 
that  always  demand  a  mission-related  quid  pro  quo  for  the  DoD.  We  believe 
that  the  more  directly  such  a  requirement  is  articulated  to  program  applicants, 
the  higher  DoD  should  rate  the  program.  We  believe  that  it  is  better,  smarter, 
and  more  effective  for  DoD  to  request  and  receive  a  direct  and  prompt  dividend 
for  the  money  it  spends.  During  this  project  we  have  evaluated  several 
programs  that  demand  relevant,  approved-by-DoD  research  while 
simultaneously  attracting  a  number  of  impressive  applicants. 

As  a  result,  we  reviewed  the  sample  programs  during  the  study  from  this 
perspective.  We  do  not  seek  to  avoid  responsibility  for  our  position,  but  simply 
lay  out  both  sides  of  this  argument  while  armouncing  our  position  to  the  reader. 
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